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introduction 

Fungi are small, generally microscopic, plants lacking chlorophyll and 
conductive tissues. Most of the 100,000 fungus species known are strictly 
saprophytic, living on dead organic matter which they help decompose. 
Some, about 50, species cause diseases in man, and about as many cause 
diseases in animals, most of them being superficial diseases of the skin or 
its appendages. More than 8000 species of fungi, however, can cause 
diseases in plants. All plants are attacked by some kinds of fungi, and 
each of the parasitic fungi can attack one or many kinds of plants. Some 
of the fungi can grow and multiply only by remaining in association with 
their host plants during their entire life (obligate parasites), others require 
a host plant for part of their life cycles but can complete their cycles on 
artificial media, and still others can grow and multiply on dead organic 
matter as well as on living plants (nonobligate parasites). 

characteristics of 
plant pathogenic fungi 

MORPHOLOGY 

Most fungi have a vegetative body consisting of more or less elongated, 
continuous filaments which may or may not have cross walls (septa). The 
body of the fungus is called mycelium, and the individual branches or 
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FIGURE 33. 
Appearance of the vegetative body (mycelium) of two fungi in culture. (A) 
Physalospora. (B) Phoma. 

mycelium may be uniform in thickness or may taper into thinner or 
broader portions. Hyphae of some fungi are only 0 .5 μηι in diameter, 
while in others they may be more than 1 0 0 μηι thick. The length of the 
mycelium may be only a few microns in some fungi, but in others it may 
produce mycelial strands several meters long. 

In some fungi the mycelium consists of cells containing one or two 
nuclei per cell. In others the mycelium is coenocytic, i.e., it contains 
many nuclei and either the entire mycelium is one continuous, tubular, 
branched or unbranched multinucleate cell, or it is partitioned by several 
septa, each segment being a multinucleate hypha. Growth of the 
mycelium occurs at the tips of the hyphae. 

Some lower fungi lack true mycelium and produce instead a naked, 
amoeboid, multinucleate Plasmodium (e.g., Myxomycetes) or a system of 
strands of grossly dissimilar and continuously varying diameter called a 
rhizomycelium (e.g., Chytridiomycetes). 

REPRODUCTION 

Fungi reproduce chiefly by means of spores (Fig. 3 4 ) . Spores are 
specialized propagative or reproductive bodies consisting of one or a few 
cells. Spores may be formed asexually (i.e., through the separation of 
minute fragments of the mycelium into spores) or as the result of a sexual 
process. 

In the lower fungi, asexual spores are produced inside a sac called a 
sporangium and are released through an opening of the sporangium or 
upon its rupture. Some of these spores are motile by means of flagella and 
are, therefore, called zoospores. Other fungi produce asexual spores called 
conidia by the cutting off of terminal or lateral cells from special hyphae 
called conidiophores. In some fungi terminal or intercalary cells of a 
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FIGURE 34. 
Representative spores and fruiting bodies of the main groups of fungi. 
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hypha enlarge, round up, form a thick wall and separate to form 
chlamydospores. In still other fungi, asexual spores (conidia) are produced 
inside thick-walled structures called pycnidia. 

Sexual reproduction, or processes resembling it, occur in most groups 
of fungi. In some, two cells (gametes) of similar size and appearance unite 
and produce a zygote, called a zygospore. In others, the gametes are of 
unequal size and the zygote which they form is called an oospore. In some 
fungi no definite gametes are produced, but instead one mycelium may 
unite with another compatible mycelium. In one group of fungi (Ascomy-
cetes) the sexual spores, usually eight in number, are produced within the 
zygote cell, the ascus, and the spores are called ascospores. In another 
group of fungi (Basidiomycetes), sexual spores are produced on the outside 
of the zygote cell called the basidium and the spores are called basidio-
spores. 

For a large group of fungi (Fungi Imperfecti) no sexual reproduction is 
known either because they do not have one or because it has not yet been 
discovered. Apparently these fungi reproduce only asexually. 

The union of the sexual nuclei in the zygote produces a diploid (2N) 
nucleus. Usually the first divisions of this nucleus are meiotic so that 
throughout its life the fungus contains haploid (IN) nuclei, except im
mediately after the union of the gamete nuclei. In some groups of fungi, 
however, especially in the Basidiomycetes and to a lesser extent in the 
Ascomycetes, the cells of the entire mycelium or of parts of the 
mycelium contain two haploid nuclei which remain separate inside the 
cell. Such mycelium is called dikaryotic but behaves very much as 
though it were a diploid mycelium (in which the two nuclei are united). 

In most fungi both male and female gametes are produced on the same 
mycelium (hermaphroditic fungi). When the male gametes can fertilize 
the female ones of the same mycelium, the fungus is called homothallic. 
In many cases, however, the male gametes can fertilize only the female 
gametes of another, sexually compatible mycelium, and the fungus then 
is called heterothallic. 

ECOLOGY AND SPREAD 

Almost all plant pathogenic fungi spend part of their lives on their host 
plants and part in the soil or on plant debris on the soil. Some fungi pass 
all of their lives on the host and only the spores may land on the soil where 
they remain inactive until they are again carried to a host on which they 
grow and multiply. Other fungi (e.g., Venturia) must pass part of their 
lives on the host as parasites and part on dead tissues on the ground as 
saprophytes in order to complete their life cycle in nature. The latter 
group of fungi, however, remain continually associated with host tissues, 
whether living or dead, and, in nature, do not grow on any other kind of 
organic matter. A third group of fungi grow parasitically on their hosts 
but they continue to live, grow, and multiply on the dead tissues of the 
host after its death, and may further move out of the host debris into the 
soil or other decaying plant material on which they grow and multiply as 

175 



PLANT DISEASES CAUSED BY FUNGI 

strict saprophytes. The dead plant material which they colonize need not 
be related at all to the host they can parasitize. This group of fungi are 
usually soil pathogens, have a wide host range, and can survive in the soil 
for many years in the absence of their hosts. They too, however, need to 
infect a host from time to time in order to increase their populations, 
since protracted and continuous growth of these fungi as saprophytes in 
the soil results in more or less rapid reduction in their numbers. 

During their parasitic phase fungi assume various positions in relation 
to the plant cells and tissues. Some fungi (e.g., powdery mildews) grow 
outside the plant surface but send their feeding organs (haustoria) into the 
epidermal cells of the plant. Some (e.g., Venturia) grow only between the 
cuticle and the epidermal cells. Others grow between the cells in the 
intercellular spaces and may or may not send haustoria into the cells. 
Still others grow between and through the cells indiscriminately. Obli
gate parasites can grow only in association with living cells, being unable 
to feed on dead cells. On the other hand, the mycelium of some nonobli
gate parasites never comes in contact with living plant cells, because 
their enzymes macerate and kill the plant cells ahead of the mycelium. In 
most cases, however, regardless of the position of the mycelium in the 
host, the reproductive bodies (spores) of the fungus are produced at or very 
near the surface of the host tissues to ensure their prompt and efficient 
dissemination. 

The survival and performance of most plant pathogenic fungi depend 
greatly on the prevailing conditions of temperature and moisture or the 
presence of water in their environment. Free mycelium survives only 
within a certain range of temperatures ( - 5 to +45°C) and in contact with 
moist surfaces, inside or outside the host. Most kinds of spores, however, 
can withstand broader ranges of both temperature and moisture and carry 
the fungus through the low winter temperatures and the dry summer 
periods. Spores, however, also require favorable temperatures and mois
ture in order to germinate. Furthermore, lower fungi producing zoospores 
require free water for the production, movement, and germination of the 
zoospores. 

Zoospores are the only fungus structures that can move by themselves. 
Zoospores, however, can move for only very short distances (a few mil
limeters or centimeters, perhaps). Besides, only some myxomycetes and 
some phycomycetes produce zoospores. The great majority of the plant 
pathogenic fungi depend for their spread from plant to plant and to 
different parts of the same plant on chance distribution by agents such as 
wind, water, birds, insects, other animals, and man. Fungi are dissemi
nated primarily in the form of spores. Fragments of hyphae and hard 
masses of mycelium known as sclerotia may also be disseminated by the 
same agents although to a much lesser extent. 

Spore dissemination in almost all fungi is passive, although their 
initial discharge in some fungi is forcible. The distance to which spores 
may be disseminated varies with the agent of dissemination. Wind is 
probably the most important disseminating agent of spores of most fungi 
and may carry spores over great distances. For specific fungi, other agents 
such as water or insects may play a much more important role than wind 
in the dissemination of their spores. 
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classification of plant 
pathogenic fungi 

The fungi that cause diseases on plants are a diverse group, and because of 
their large numbers and diversity, only a sketchy classification of some of 
the most important phytopathogenic genera will be presented here. 

THE LOWER FUNGI 
Class: MYXOMYCETES (The slime molds)—Lack mycelium. Their body is a 

naked, amorphous Plasmodium. 
Order: Physarales—Saprophytic Plasmodium that gives rise to crusty fruc

tifications containing spores. They produce zoospores. 
Genus: Fuligo, Mucilago, and Physarum cause slime molds on low-lying 

plants. 
Order: Plasmodiophorales—Plasmodia produced within cells of roots and 

stems of plants. They produce zoospores. 
Genus: Plasmodiophora, P. brassicae causing clubroot of crucifers. 

Polymyxa, P. graminis being parasitic in wheat and other cere
als. 

Spongospora, S. subterranea causing powdery scab of potato 
tubers. 

Class: PHYCOMYCETES (Algal fungi, the lower true fungi). 
Subclass: CHYTRIDIOMYCETES—Have round or elongated mycelium 

that lacks cross walls. 
Order: Chytridiales—Have cell wall but lack true mycelium, at most a 

rhizomycelium. Zoospores. 
Genus: Olpidium, O. brassicae being parasitic in roots of cabbage and 

other plants. 
Physoderma, P. maydis causing brown spot of corn. 
Synchytrium, S. endobioticum causing potato wart. 
Urophlyctis, U. alfalfae causing crown wart of alfalfa. 

Subclass: OOMYCETES (The water molds, white rusts, and downy mil
dews)—Have elongated mycelium. Produce zoospores in zoo-
sporangia. Oospores produced by the union of morphologically 
different gametes. 

Order: Saprolegniales—Have well-developed mycelium. Zoospores produced 
in long, cylindrical zoosporangia attached to mycelium. Oo
spores. 

Genus: Aphanomyces, causing root rot of many vegetables. 
Order: Peronosporales—Sporangia, usually zoosporangia produced at tips of 

hyphae and set free. Oospores. 
Family: Pythiaceae 

Genus: Pythium, causing damping off of seedlings, seed decay, root rots, 
and cottony blight of turf grasses. 

Phytophthora, P. infestans causing late blight of potato, others 
causing mostly root rots. 

Family: Albuginaceae (The white rusts) 
Genus: Albugo, A. Candida causing white rust of crucifers. 

Family: Peronosporaceae (The downy mildews) 
Genus: Plasmopara, P. viticola causing downy mildew of grape. 

Peronospora, P. nicotianae causing downy mildew (blue mold) 
of tobacco. 
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Bremia, B. lactucae causing downy mildew of lettuce. 
Sclerospora, S. graminicola causing downy mildew of grasses. 
Pseudoperonospora, P. cubensis causing downy mildew of 

cucurbits. 
Subclass: ZYGOMYCETES (The bread molds)—Terrestrial fungi. Produce 

nonmotile asexual spores in sporangia. No zoospores. Their 
resting spore is a zygospore, produced by the fusion of two 
morphologically similar gametes. 

Order: Mucorales—Produce zygospores. Nonmotile asexual spores formed 
in terminal sporangia. 

Genus: Rhizopus, causing soft rot of fruits and vegetables. 
Choanephora, C. cucurbitarum causing soft rot of squash. 

THE HIGHER FUNGI 

Class: ASCOMYCETES (The sac fungi)—Produce sexual spores, called asco-
spores, in groups of eight within an ascus. 

Subclass: HEMIASCOMYCETES—Asci naked, not in ascocarps. 
Order: Taphrinales—Asci arising from binucleate ascogenous cells. 

Genus: Taphrina—causing peach leaf curl, plum pocket, oak leaf blister, 
etc. 

Subclass: EUASCOMYCETES—Asci produced in ascocarps. 
Series: PYRENOMYCETES (The perithecial fungi)—Asci in fruiting 

bodies completely closed (cleistothecia) or in fruiting bodies 
with an opening (perithecia). 

Order: Erysiphales (The powdery mildews)—Mycelium and cleistothecia on 
surface of host plant. 

Genus: Erysiphe, causing powdery mildew of grasses, cucurbits, etc. 
Microsphaera, one species causing powdery mildew of lilac. 
Podosphaera, P. leucotricha causing powdery mildew of apple. 
Sphaerotheca, S. pannosa causing powdery mildew of roses and 

peach. 
Uncinula, U. necator causing powdery mildew of grape. 

Order: Sphaeriales—Perithecia with dark-colored, usually firm walls. 
Genus: Ceratocystis, C. ulmi causing the Dutch elm disease. 

Diaporthe, causing bean pod blight, citrus melanose, and fruit 
rot of eggplant. 

Endothia, E. parasitica causing chestnut blight. 
Glomerella, G. cingulata causing many anthracnose diseases 

and bitter rot of apple. 
Gnomonia, causing anthracnose or leaf spot diseases. 
Rosellinia, causing root diseases of fruit trees and vines. 
Valsa, causing canker diseases of peach and other trees. 
Xylaria, causing tree cankers and wood decay. 

Order: Hypocreales—Perithecia light-colored, or red or blue. 
Genus: Claviceps, C. purpurea causing ergot of rye. 

Gibberella, causing foot or stalk rot of corn and small grains. 
Nectria, causing twig and stem cankers of trees. 

Series: PSEUDOSPHAEROMYCETES (The ascostromatic fungi)— 
Peritheciumlike stromata with asci in separate or single large 
cavities. 

Order: Myriangiales—Cavities arranged at various levels and containing 
single asci. 
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Genus: Elsinoe, causing anthracnose of grape and raspberry, and scab of 
citrus. 

Order: Dothideales—Cavities arranged in a basal layer and containing many 
asci. Perithecia lack pseudoparaphyses. 

Genus: Dibotryon, D. morbosum causing block knot of cherries and 
plums. 

Dothidella, D. ulei causing the leaf spot of rubber trees. 
Guignardia, G bidwellii causing black rot of grapes. 
Mycosphaerella, causing leaf spots of many plants. 

Order: Pleosporales—Cavities arranged in a basal layer and containing 
many asci. Perithecia have pseudoparaphyses. 

Genus: Ophiobolus, (Gaeumannomyces) causing the take-all disease of 
wheat. 

Physalospora, P. obtusa causing black rot of apples. 
Venturia, V. inaequalis causing apple scab. 

Series: DISCOMYCETES (The cup fungi)—Asci produced at the surface 
of fleshy cup- or saucer-shaped apothecia. 

Order: Helotiales—Asci release spores through an apical, circular perfora
tion. 

Genus: Coccomyces, C. hiemalis causing cherry leaf spot. 
Diplocarpon, D. rosae causing black spot of roses. 
Lophodermium, causing pine needle blight. 
Monilinia, M. fructicola causing brown rot of stone fruits. 
Rhytisma, R. acerinum causing tar spot of maple leaves. 
Sclerotinia, S. sclerotiorum causing watery soft rot of vegeta

bles. 
Order: Pezizales—Ascospores released through cap- or lidlike structure at 

tip of ascus. 
Genus: Pseudopeziza, P. medicaginis causing alfalfa leaf spot. 

Class: IMPERFECT FUNGI OR DEUTEROMYCETES (Asexual fungi)—Sexual 
reproduction and structures lacking or unknown. 

Order: Sphaeropsidales—Asexual spores produced in pycnidia. 
Genus: Ascochyta, A. pisi causing pea blight. 

Coniothyrium, causing cane blight on raspberry. 
Cytospora, causing canker diseases on peach and other trees. 

(sex. stage = Valsa) 
Diplodia, D. zeae causing stalk and ear rot of corn. 
Phoma, P. lingam causing black leg of crucifers. 
Phomopsis, causing blights and stem cankers of trees. 
Phyllosticta, causing leaf spots of many plants. 
Septoria, S. apii causing late blight of celery. 

Order: Melanconiales—Asexual spores produced in acervulus. 
Genus: Colletotrichum, causing anthracnose on many field crops. 

Coryneum, C. beijerincki causing blight on stone fruits. 
Cylindrosporium, causing leaf spots on many kinds of plants. 
Gloeosporium, similar if not identical to Colletotrichum, caus

ing anthracnose on many plants. 
Marssonina, causing leaf and twig blight of poplar, strawberry 

leaf scorch, and anthracnose of walnuts. 
Melanconium, M. fuligenum causing bitter rot of grape. 
Sphaceloma, causing anthracnose of grape, raspberry, and scab of 

citrus and avocado. 
Order: Moniliales—Asexual spores produced on or within hyphae freely 

exposed to the air. 
Genus: Alternaria, causing leaf spots and blights on many plants. 
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Asperigillus, causing rots of stored seeds. 
Botrytis, B. cinerea causing gray mold and blights on many 

plants. 
Cercospora, one species causing early blight of celery. 
Cladosporium, C. fulvum causing leaf-mold of tomato. 
Fusarium, causing wilt and root rot diseases of many annual 

plants and cankers of forest trees. 
Fusicladium, causing apple scab (sex. stage = Venturia). 
Graphium, G. ulmi causing Dutch elm disease (sex. stage = 

Ceratocystis). 
Helminthosporium, causing blight of cereals and diseases of turf 

grasses. 
Penicillium, causing blue mold rot of fruits and other fleshy 

organs. 
Phymatotrichum, P. omnivorum causing root rot of cotton and 

other plants. 
Pyricularia, causing rice blast and gray leaf-spot of turf grasses. 
Strumella, causing cankers on oak. 
Thielaviopsis, T. basicola causing black root rot of tobacco. 
Verticillium, causing wilt of many annuals and perennials. 

Order: Mycelia Sterilia—No sexual or asexual spore forms common or 
known. 

Genus: Rhizoctonia, causing root rots and crown rots of annals and 
brown-patch of turf grasses (Perfect stage Thanatephorus). 

Sclerotium, causing root and stem rots of many plants (Perfect 
stage Pellicularia) 

Class: BASIDIOMYCETES (The club fungi)—Sexual spores, called basidio-
spores or sporidia, are produced externally on a one- or four-celled 
structure called a basidium. 

Subclass: HETEROBASIDIOMYCETES (The rust and smut fungi)— 
Basidium with cross walls or being the promycelium of a telio-
spore. Teliospores single or united into crusts or columns, re
maining in host tissue or bursting through the epidermis. 

Order: Ustilaginales—Fertilization by means of union of compatible spores, 
hyphae, etc. Only teliospores are produced. 

Genus: Sphacelotheca, several species causing loose smut of sorghum. 
Tilletia, several species causing bunt, or stinking smut, of 

wheat. 
Urocystis, U. cepulae causing smut of onion. 
Ustilago, causing smut of corn, wheat, barley, etc. 

Order: Uredinales—Sperm cells called spermatia or pycniospores fertilize 
special receptive hyphae in spermagonia (pycnia). Produce aecio-
spores, uredospores (repeating spores), teliospores, and basidio-
spores. 

Genus: Cronartium, C. ribicola causing white pine blister rust. 
Gymnosporangium, G. juniperi-virginianae causing cedar apple 

rust. 
Melampsora, M. lini causing rust of flax. 
Phragmidium, one species causing rust of roses. 
Puccinia, several species causing rust of cereals. 
Uromyces, U. phaseoli causing rust of beans. 

Subclass: HOMOBASIDIOMYCETES (The wood decay and root rot 
fungi)—Basidium without cross walls. Basidiocarp lacking or 
present. Include the mushrooms, shelf fungi, puff balls, etc. 
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Series: HYMENOMYCETAE—Basidia produced in a hymenium becom
ing exposed to the air before the spores are shot off from the 
sterigmata. 

Order: Exobasidiales—Basidiocarp lacking: basidia produced on surface of 
parasitized tissue. 

Genus: Corticium, one species causing the red thread disease of turf 
grasses. 

Exobasidium, causing leaf, flower and stem galls on ornamen
tals. 

Order: Polyporales—Hymenium lining the surfaces of small pores or tubes. 
Genus: Eomes, causing heart rot of many trees. 

Pellicularia (Sclerotium), causing root and stem rots of many 
plants. 

Polyporus, causing root and stem rot of many trees. 
Poria, causing wood and root rots of forest trees. 
Stereum, causing wood decay and silver leaf disease of trees. 
Thanatephorus, (Rhizoctonia) causing root and stem rots of 

many annual plants and brown patch of turf grasses. 
Typhula, one species causing snowmold or blight of turf 

grasses. 
Order: Agaricales—Hymenium on radiating gills or lamellae. 

Genus: Armillaria, A. mellea causing root rots of forest and fruit trees. 
Lenzites, causing brown rot of conifers and decay of wood prod

ucts. 
Marasmius, causing the fairy ring disease of turf grasses. 
Peniophora, causing decay of conifer logs and pulpwood. 
Pholiota, causing brown wood rot in deciduous forest trees. 
Pleurotus, causing white rot on many deciduous forest trees. 
Schizophyllum, causing white rot in deciduous forest trees. 

IDENTIFICATION 

Since each fungus disease of plants is usually caused by only one fungus, 
and since there are more than 100,000 different species of fungi, the 
identification of the fungus species on a diseased plant specimen or 
culture of a fungus means that all but one of all the known fungus species 
must be excluded. 

The most significant characteristics of a fungus used for identification 
are its spores and fructifications, or spore-bearing structures. These are 
examined under the compound microscope directly after removal from 
the specimen. The specimen is often kept moist for a few days to promote 
fructification development, or the fungus may be isolated and grown on 
artificial media, and identification is made on the basis of the fructifica
tions produced on the media. 

The shape, size, color, and manner of arrangement of spores on the 
sporophores or the fruiting bodies, as well as the shape, color, etc. of the 
sporophores or fruiting bodies, are sufficient characteristics to suggest, to 
one somewhat experienced in the taxonomy of fungi, the class, order, 
family, and genus to which the particular fungus belongs. In any case, 
these characters can be utilized to trace the fungus through published 
analytical keys of the fungi to the genus and, finally, to the species to 
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which it belongs. Once the genus of the fungus has been determined, 
specific descriptions of the species are found in monographs of genera or 
in specific publications in research journals. 

Since there are usually lists of the pathogens affecting a particular host 
plant, one may use such host indexes as short cuts in quickly finding 
names of fungus species that might apply to the fungus at hand. Host 
indexes, however, merely offer suggestions in determining identities, 
which must ultimately be determined by reference to monographs and 
other more specific publications. 

SYMPTOMS CAUSED 
BY FUNGI ON PLANTS 

Fungi cause local or general symptoms on their hosts and these may 
occur separately on different hosts, concurrently on the same host, or 
follow one another on the same host. In general fungi cause local or 
general necrosis or killing of plant tissues, hypertrophy and hypoplasia or 
stunting of plant organs or entire plants, and hyperplasia or excessive 
growth of plant parts or whole plants. 

The most common necrotic symptoms are: 

Leaf spots—Localized lesions on host leaves consisting of dead and collapsed 
cells. 

Blight—General and extremely rapid browning of leaves, branches, twigs, and 
floral organs resulting in their death. 

Canker—A localized wound or necrotic lesion, often sunken beneath the 
surface of the stem of a woody plant. 

Root rot—Disintegration or decay of part or all of the root system of a plant. 
Damping off—The rapid death and collapse of very young seedlings in the seed 

bed or field. 
Basal stem rot—Disintegration of the lower part of the stem. 
Soft rots and dry rots—Maceration and disintegration of fruits, roots, bulbs, 

tubers, and fleshy leaves. 
Anthracnose—A necrotic and sunken ulcerlike lesion on the stem, leaf, fruit or 

flower of the host plant. 
Scab—Localized lesions on host fruit, leaves, tubers, etc., usually slightly 

raised or sunken and cracked, giving a scabby appearance. 

Almost all of the above symptoms may also cause pronounced stunt
ing of the infected plants. In addition, certain other symptoms such as 
leaf rust, mildews, wilts, and even certain diseases causing hyperplasia of 
some plant organs, such as clubroot, may cause stunting of the plant as a 
whole. 

Symptoms associated with hypertrophy or hyperplasia and distortion 
of plant parts include: 

Clubroot—Enlarged roots appearing like spindles or clubs. 
Galls—Enlarged portions of plants usually filled with fungus mycelium. 
Warts—Wartlike protuberances on tubers and stems. 
Witches'-brooms—Profuse, upward branching of twigs. 
Leaf curls—Distortion, thickening and curling of leaves. 
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In addition to the above, three groups of symptoms may be added: 
Wilt—Usually a generalized secondary symptom in which leaves or shoots lose 

their turgidity and droop because of a disturbance in the vascular system of 
the root or of the stem. 

Rust—Many, small lesions on leaves or stems, usually of a rusty color. 
Mildew—Chlorotic or necrotic areas on leaves, stems, and fruit usually cov

ered with mycelium and the fructifications of the fungus. 

In many diseases, the pathogen grows or produces various structures 
on the surface of the host. These structures, which include mycelium, 
sclerotia, sporophores, fruiting bodies, and spores, are called signs and are 
distinct from symptoms, which refer only to the appearance of infected 
plants or plant tissues. Thus, in the mildews, for example, one sees 
mostly the signs consisting of a whitish, downy growth of fungus 
mycelium and spores on the plant leaves, fruit, or stem/ while the symp
toms consist of chlorotic or necrotic lesions on leaves, fruit, and stem, 
reduced growth of the plant, etc. 

isolation of 
fungi (and bacteria) 

Most plant diseases can be diagnosed by observation with the naked eye 
or with the microscope and, for these, isolation of the pathogen is not 
necessary. There are many fungal and bacterial diseases, though, in which 
the pathogen cannot be identified because it is mixed with one or more 
contaminants, because it has not yet produced its characteristic fruiting 
structures and spores, because the same disease could be caused by more 
than one similar-looking pathogen and perhaps by some environmental 
factor, or because the disease is caused by a new, previously unknown 
pathogen that must be isolated and studied. }ust as often, pathogens of 
even known diseases must be isolated from diseased plant tissues 
whenever a study of the characteristics, habits, etc. of these pathogens 
is to be undertaken. 

PREPARING FOR ISOLATION 

Even before one attempts to isolate the fungus or bacterium pathogen 
from a diseased plant tissue, several preliminary operations must be 
performed. These include: 

1. Sterilization of glassware, such as petri dishes, test tubes, pipettes, etc., by 
dry heat (150 to 160°C for 1 hour or more) or autoclaving or by dipping for 1 
minute or more in a potassium dichromate-sulfuric acid solution, or in 
1:1000 mercuric chloride, or 5 percent formalin, or 95 percent ethyl alcohol. 
All chemically treated glassware should be rinsed through at least three 
changes of sterile (boiled or autoclaved) water. 
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2. Preparation of solutions for treating the surface of the infected or infested 
tissue so as to eliminate or markedly reduce surface contaminants that 
could interfere with the isolation of the pathogen. These solutions can be 
used either as a surface wipe or as a dip. The most commonly used surface 
sterilants include: 5.75 percent sodium hypochlorite (1 Clorox: 9 water) 
solution, used both for wiping infected tissues or dipping sections of such 
tissues in it and for wiping down table or bench surfaces before making 
isolations; 95 percent ethyl alcohol, which is mild and is used for leaf dips 
for 3 seconds or more; mercuric chloride 1:1000, for 15 to 45 seconds,- or 
mercuric chloride 1:1000 in 50 percent ethyl alcohol (Rada's solution). The 
tissues must be blotted dry with a sterile paper towel when treated with the 
first two solutions but they must be rinsed in 3 changes of sterile water 
when treated with the last two solutions. 

3. Preparation of culture media on which the isolated fungal or bacterial 
pathogens will grow. An almost infinite number of culture media can be 
used to grow plant pathogenic fungi and bacteria. Some of them are entirely 
synthetic—made up of known amounts of certain chemical compounds— 
and are usually quite specific for certain pathogens. Some are liquid or 
semiliquid and are used primarily for growth of bacteria but also of fungi in 
certain cases. Most media contain an extract of a natural source of carbohy
drates and other nutrients, such as potato, corn meal, lima bean, or malt 
extract, to which variable amounts of agar are added to solidify the 
medium and form a gel on or in which the pathogen can grow and be 
observed. The most commonly used media are potato dextrose agar (PDA), 
which is good for most, but not all fungi, water agar or glucose agar ( 1 - 3 
percent glucose in water agar) for separating some fungi [Pythium and 
Fusarium) from bacteria, and nutrient agar, which contains beef extract and 
peptone and is good for isolating bacterial plant pathogens. Fungi can also be 
separated in culture from bacteria by adding 1 or 2 drops of a 25 percent 
solution of lactic acid, which inhibits growth of bacteria, to 10 ml of the 
medium before pouring it in the plate. Solutions of culture media are 
prepared in flasks which are then plugged and placed in an autoclave at 
120°C and 15 pounds pressure for 20 minutes (Fig. 35). The sterilized media 
are then allowed to cool somewhat and are subsequently poured from the 
flask into sterilized petri dishes, test tubes, or other appropriate containers. 
If agar was added to the medium, the latter will soon solidify and is then 
ready to be used for growth of the fungus or bacterium. The pouring of the 
culture medium into petri dishes, tubes, etc. is carried out as aseptically as 
possible either in a separate culture room or in a clean room free from drafts 
and dust. In either case, the work table should be wiped with a 10 percent 
Clorox solution, hands should be clean and tools such as scalpels, forceps 
or needles should be dipped in alcohol and flamed to prevent introduction of 
contaminating microorganisms. 

It must be kept in mind that, of the different plant pathogens, the 
bacteria are the only ones whose members can all be grown on culture 
media. Although most fungi can be cultured on nutrient media with ease, 
some of them have specific and exacting requirements and will not grow 
on most commonly used nutrient media. Some groups of fungi, namely 
the Erysiphales, the causes of the powdery mildew diseases, and the 
Peronosporales, which cause the downy mildews, are considered strictly 
obligate parasites and cannot be grown on culture media. Another group 
of fungi, the Uredinales, which cause the rust diseases of plants, were, 
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FIGURE 35. 
Preparation of solid nutrient media in plates (petri dishes) and in test tube slants. 

until recently, also thought to be strictly obligate parasites. In the last few 
years, however, it has become possible to grow in culture some stages of 
some rust fungi by the addition of certain components to the media and 
so the rust fungi are no longer considered to be obligate parasites. Of the 
other pathogens, only some spiroplasmas have been grown in culture. 
None of the other 50 or so mycoplasmalike organisms and none of the 
rickettsialike bacteria, viruses, nematodes, or protozoa have been grown 
on nutrient culture media, so far, although it is expected that media for 
culturing mycoplasmalike organisms and rickettsialike bacteria will soon 
be discovered. 

ISOLATING THE PATHOGEN 

FROM LEAVES 

If the infection of the leaf is still in progress in the form of a fungal leaf 
spot or blight and if there are spores present on the surface, a few spores 
may be shaken loose over a petri plate containing culture medium or 
picked up at the point of a sterile needle or scalpel and placed on the 
surface of the culture medium. If the fungus does grow in culture, isolated 
colonies of mycelium will appear in a few days as a result of germination 
of the spores. These can be subcultured on separate plates and thus secure 
some plates that will contain the pathogen free of any contaminants. 
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Sometimes, isolation of the pathogen from fungal or bacterial leaf 
spots and blights is made by surface sterilizing the area to be cut with 
Clorox or Rada's solution, removing a small part of the infected tissue 
with sterile scalpel, etc., and placing it in a plate containing a nutrient 
medium. 

The most common method, however, for isolating pathogens from 
infected leaves as well as other plant parts is the one in which several 
small sections 5- to 10-mm square are cut from the margin of the infected 
lesion so as to contain both diseased and healthy-looking tissue (Fig. 36). 
These are placed in one of the surface sterilant solutions, making sure 
that the surfaces do get wet, and after about 15 to 30 seconds the sections 
are taken out aseptically one by one and at regular, e.g., 10- to 15-second 
intervals, so that each of them has been surface-sterilized for different 
times. The sections are then blotted dry on clean, sterile paper towels or 
are washed in three changes of sterile water, and are finally placed on the 
nutrient medium, usually three to five per dish. Those sections surface-
sterilized the shortest time usually contain contaminants along with the 
pathogen, while those surface-sterilized the longest produce no growth at 
all because all organisms have been killed by the surface sterilant. Some 
of the sections left in the surface sterilant for intermediate periods of 
time, however, will allow only the pathogen to grow in culture in pure 
colonies, since the sterilant was allowed to act long enough to kill all 
surface contaminants but not too long to kill the pathogen which was 
advancing alone from the diseased to the healthy tissue. These colonies of 

Infected plan t Section s fro m margi n o f Steril e forcep s Tissu e section s blotte d Section s ar e 
lesion place d i n 10 % cloro x use d t o transfe r wit h steril e pape r place d o n 
for di f feren t duration s section s towe l t o remov e nutrien t 

clorox exces s mediu m i n 
petri dis h 

Sections place d o n I n correc t immersio n A  pur e cultur e o f th e pathoge n i s obtaine d b y 
nutient medi a i n (e.g.90")onl y th e subculturin g a  segmen t o f th e pathoge n growt h 
order o f immersio n pathoge n survive s i n i n th e previou s plat e int o a  ne w plat e wit h 
t ime i n cloro x cente r o f sectio n an d nutrien t mediu m 

grows ou t o f th e tissu e 

FIGURE 36. 
Isolation of fungal pathogens from infected plant tissue. 
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the pathogen are then subcultured aseptically for further study of the 
pathogen. 

If fruiting structures (pycnidia, perithecia) are present on the leaf, it is 
sometimes possible to pick them out, drop them in the surface sterilant 
for a few seconds, and then plate them on the nutrient medium. This 
procedure, however, requires that most of the work be done under the 
stereoscopic microscope (binoculars) since the fruiting structures are 
generally too small to see and to handle with the naked eye. Fruiting 
structures, after surface sterilization, may also be crushed in a small drop 
of sterile water and then the spores in the water are diluted serially in 
small tubes or dishes containing sterile water. Finally, a few drops from 
each tube of the serial dilution are placed on a nutrient medium and 
single colonies free of contaminants develop from germinating spores 
obtained from some of the serial dilution tubes. 

The serial dilution method is often used to isolate pathogenic bacteria 
from diseased tissues contaminated with other bacteria. After surface 
sterilization of sections of diseased tissues from the margin of the infec
tion, the sections are ground aseptically but quite thoroughly in a small 
volume of sterile water, and then part of this homogenate is diluted 
serially in equal volumes or ten times the volume of the initial water. 
Finally, plates containing nutrient agar are streaked with a needle or loop 
dipped in each of the different serial dilutions and single colonies of the 
pathogenic bacterium are obtained from the higher dilutions that still 
contain bacteria. 

FROM STEMS, FRUITS, 
AND OTHER AERIAL PLANT PARTS 

Almost all the methods described for isolating fungal and bacterial patho
gens from leaves can also be used to isolate these pathogens from super
ficial infections of the above tissues. In addition to these methods, how
ever, pathogens can be often isolated easily from infected stems, fruits, 
etc., in which the pathogen has penetrated fairly deeply, by splitting the 
stem or breaking the fruit from the healthy side first and then tearing it 
apart toward and past the infected margin, thus exposing tissues not 
previously exposed to contaminants and not touched by hand or knife and 
therefore not contaminated. Small sections of tissue can be cut from the 
freshly exposed area of the advancing margin of the infection with a 
flamed scalpel and can be plated directly on the culture medium. 

FROM ROOTS, TUBERS, 
FLESHY ROOTS, VEGETABLE FRUITS 
IN CONTACT WITH SOIL, ETC. 

Isolating pathogens from any diseased plant tissue in contact with soil 
presents the additional problems of numerous saprophytic organisms 
invading the plant tissue after it has been killed by the pathogen. For this 
reason, repeated, thorough washing of such diseased tissues to remove all 
soil and most of the loose, decayed plant tissue, in which most of the 
saprophytes are present, is the first step in isolating the pathogen. If the 
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infected root is small, once it is washed thoroughly pathogens can be 
isolated from it by following one of the methods described for isolating 
pathogens from leaves. If isolation is attempted from fleshy roots or other 
fleshy tissues and penetration of the pathogen is slight resulting only in 
surface lesions, the tissue is washed free from adhering soil, and several 
bits of tissue from the margin of the lesions are placed in Clorox or 
Rada's solution. The tissue sections are picked from the solution one by 
one, blotted or washed in sterile water, and placed on agar in petri plates. 
If the pathogen has penetrated deeply into the fleshy tissue, the method 
described above for stems and fruit, i.e., by breaking the specimens from 
the healthy side first, then tearing toward the infected area and plating 
bits taken from the previously unexposed margin of the rot, can be used 
most effectively. 

life cycles of fungi 
Although the life cycles of the fungi of the different groups vary greatly, 
the great majority of them go through a series of steps that are quite 
similar (Fig. 3 7 ) . Thus almost all fungi have a spore stage with a simple, 
haploid (possessing one set of chromosomes or IN) nucleus. The spore 
germinates into a hypha which also contains haploid nuclei. The hypha 
may either produce simple, haploid spores again (as is always the case in 
the Imperfect Fungi) or it may fuse with another hypha to produce a 
fertilized hypha in which the nuclei unite to form one diploid nucleus, 
called zygote (containing two sets of chromosomes, or 2N). In the 
Phycomycetes the zygote will divide to produce simple, haploid spores 
which close the cycle. In a brief phase of most Ascomycetes, and gener
ally in the Basidiomycetes, the two nuclei of the fertilized hypha do not 
unite, but remain separate within the cell in pairs (dikaryotic or Ν + Ν) 
and divide simultaneously to produce more hyphal cells with pairs of 
nuclei. In the Ascomycetes, the dikaryotic hyphae are found only inside 
the fruiting body, in which they become the ascogenous hyphae, since the 
two nuclei of one cell of each hypha unite into a zygote [2N] which 
divides meiotically to produce ascospores that contain haploid nuclei. 

In the Basidiomycetes haploid spores produce only short haploid 
hyphae. Upon fertilization, dikaryotic [Ν + N) mycelium is produced and 
this develops into the main body of the fungus. Such dikaryotic hyphae 
may produce, asexually, dikaryotic spores that will grow again into a 
dikaryotic mycelium. Finally, however, the paired nuclei of the cells 
unite and form zygotes. The zygotes divide meiotically and produce 
basidiospores that contain haploid nuclei. 

In the Imperfect Fungi, of course, only the asexual cycle (haploid spore 
-» haploid mycelium —> haploid spore) is found. Even in the other fungi, 
however, a similar asexual cycle is the most common one by far, since it 
can be repeated many times during each growth season. The sexual cycle 
usually occurs only once a year. 
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FIGURE 37. 
Schematic presentation of the generalized life cycles of the main groups of 
phytopathogenic fungi. 

control of 
fungus diseases of plants 

The endless variety and the complexity of the many fungus diseases of 
plants have led to the development of a correspondingly large number of 
approaches for their control. The particular characteristics in the life 
cycle of each fungus, its habitat preferences and its performance under 
certain environmental conditions are some of the most important points 
to be considered in attempting to control a plant disease caused by a 
fungus. Although some diseases can be controlled completely by just one 
type of control measure, a combination of measures is usually necessary 
for satisfactory control of most diseases. 

The use of pathogen-free seed or propagating stock is always recom
mended and, for control of certain diseases, it is mandatory. Destruction 
of plant parts or refuse harboring the pathogen, destruction of volunteer 
plants or alternate hosts of the pathogen, use of clean tools and contain
ers, proper drainage of fields and aeration of plants, are all very important 
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practices in the control of most plant diseases caused by fungi. Crop 
rotation is helpful in controlling diseases caused by some fungi, but does 
not satisfactorily control fungi that have wide host ranges, can live 
saprophytically for a long time, or produce long-lived resting spores. 

The use of plant varieties resistant to certain pathogens has found its 
greatest application in controlling fungus diseases of plants. Some of the 
most serious fungus diseases (e.g., rusts, Fusarium wilts) of the most 
important crop plants, are successfully controlled today by the use of 
resistant varieties. Although the degree of control through resistant va
rieties varies with the crop and the pathogenic fungus involved, its suc
cesses as of this time and the very low overall cost of such control make 
this type of control the most promising for the future. 

The most effective method, however, and, sometimes the only one 
available for controlling most of the fungus diseases of plants, is through 
application of chemical sprays or dusts on the plants, their seeds, or into 
the soil where the plants are to grow. Soil-inhabiting fungi may be 
controlled in small areas by steam or electric heat, and in somewhat 
larger areas by volatile liquids, such as formaldehyde, chloropicrin, 
methyl bromide. Some diseases caused by soil-inhabiting fungi can also 
be controlled, and at a much lower cost, by applying fungicides on the 
seeds or other propagating materials, such as tubers and corms. Such 
treatment will also protect the seed from mycelium or spores carried on 
the seed. Fungicides used for seed treatment include, among others, 
carboxin, chloroneb, chloranil, dichlone, captan, and thiram. 

Most fungicides are used to prevent diseases on the aboveground parts 
of plants and are applied on the foliage as sprays or dusts. Most of these 
are protectant, since they can only prevent fungi from causing infection, 
but cannot stop an infection once it has started. The number of such 
fungicides is great and includes many inorganic and organic compounds. 
In recent years several systemic fungicides have been developed, and their 
use and effectiveness are increasing steadily. In addition to these, certain 
antibiotics (e.g., cycloheximide) are also effective against certain fungus 
diseases of plants. 

In some diseases (e.g., loose smuts of cereals) the fungus is carried in 
the seed and control can be obtained only through treatment of the seed 
with systemic fungicides or hot water. In others, control of the insect 
vectors may be the only available possibility. In general, great advances 
have been made toward controlling fungus diseases of plants, especially 
through resistant varieties and through chemicals, and as a result, these 
diseases are probably much easier to control than any other group of plant 
diseases, although the losses caused by fungus diseases of plants are still 
very great. 
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diseases caused 
by the lower fungi 

DISEASES CAUSED BY 
MYXOMYCETES 

Myxomycetes are fungi whose vegetative body is a Plasmodium, i.e., an 
amoeboid mass of protoplasm that has many nuclei and no definite cell 
wall. In the true Myxomycetes, also called slime molds, the Plasmodium 
does not invade plant cells and is used up to form superficial fructifica
tions that contain resting spores. In another group of fungi, the Plas-
modiophorales, the vegetative body is also a Plasmodium but it is pro
duced only in the cells of the host plant and their resting spores are 
produced in masses but not in distinct fructifications. Both the true slime 
molds and the Plasmodiophorales produce zoospores that usually have 
two flagella (Fig. 38). 

Two groups of Myxomycetes cause diseases of plants, the one by 
simply growing externally on the surface of leaves, stems and fruits 
without parasitizing the plant, and the other by entering and parasitizing 
the roots and other below-ground parts of plants (Fig. 39). These groups 
are: 

I. Physarales. It includes the true slime mold genera Fuligo; Mucilago, 
Physarum, and others, which cause slime molds on the surface of low-lying 
plants. 

II. Plasmodiophorales. It includes three obligate plant parasitic genera: Plas-
modiophora, Polymyxa, and Spongospora. 

THE TRUE SLIME MOLDS 

Slime molds appear on plants growing low on the ground, such as turf 
grasses, strawberries, vegetables, and small ornamentals (Fig. 40). They 



192 PLANT DISEASES CAUSED BY FUNGI 
^
 T

H
E

 L
O

W
E

^
F

O
N

G
I ^

 

^
^
^
^
s
a
ru

m
 
^

 
P

la
sm

o
d

L
p

lio
ra

 ̂
 

P
o

ly
m

yx
a 

S
p

o
n

g
o

sp
o

ro
 

°
 

O
lp

id
iu

m
 

^
 

^
 
^

 
P

h
ys

o
d

e
rm

a
 

^ 
S

y
n

c
h

y
^i

u
m
 

^
U

r
Q
P

h
|y

c
t
ls

 

>
 

A
p

h
a

n
o

m
yc

e
s 

^
 

P
yt

h
iu

m
 ̂

 
^ 

^
 

P
h

y
to

p
h

th
o

ra
 

A
lb

u
g

o
 

P
la

sm
op

ar
a
 

^
 

B
re

m
ia

 
P

er
on

os
po

ro
 

, 
P

se
ud

op
er

on
os

po
ra

| 
S

cl
e

ro
sp

o
ro

 

fo°ss 
%

b
 

s
 f

l
f
f
l
j
L

 

R
h

iz
o

p
u

s 
I
 

' 
M

u
co

r 
| 

C
h

o
a

n
e

p
h

o
ra

 

FIGURE 38. 
The most common Lower Fungi (Myxomycetes and Phycomycetes) that cause 
disease in plants: a—antheridium, gs—germinating sporangium, h—haustorium, 
m—mycelium, og—oogonium, os—oospore, ρ—Plasmodium, pws—pustule with 
sporangia, rm—rhizomycelium, rs—resting spore, rsa—resting sporangium, 
s—sporangium, sp—sporangiophore, ss—sporangiospore, th—thallus, 
ζ—zoospore, zs—zoosporangium, zy—zygospore. 
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FIGURE 39. 
The most common symptoms caused by Myxomycetes and Phycomycetes. 

FIGURE 40. 
(A) Begonia leaf covered with fructifications (sporangia) of a slime mold. (B) Slime 
mold fructifications on the blades of a turfgrass. 
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are most common in warm weather following heavy rains or watering. 
All aboveground parts of plants in some areas, and even the soil between 
plants, may be covered by a creamy white or colored slimy growth which 
later changes to distinct, crusty, ash-gray, or colored fruiting structures. 
The latter give the affected plants a dull gray appearance. 

Slime molds are saprophytic members of the true slime molds 
(Myxomycetes). Their plasmodium creeps like an amoeba and feeds on 
decaying organic matter and microorganisms such as bacteria which it 
simply engulfs and digests. There are many species of slime mold fungi, 
the most common of which are Physarum, Fuligo, and Mucilago. 

The plasmodium grows mostly in the upper layer of the soil and in the 
thatch, but during or after warm wet weather it comes to the soil surface 
and creeps over low-lying vegetation. On the plant surface, which these 
fungi use merely as a means of support, the plasmodium produces the 
crusty fruiting structures which vary in size, shape and color depending 
on the species of slime mold (Figs. 40 and 41). The fruiting structures are 
sporangia, i.e., containers filled with dark masses of powdery spores, and 
are easily rubbed off the plant. The spores are spread by wind, water, 
mowers or other equipment and can survive unfavorable weather. In cool, 
humid weather, the spores absorb water, their cell wall cracks open and a 

Plasmodium an d surfac e an d o n lea f 
fructifications 
on lea f 

FIGURE 41. 
Life cycle of slime mold fungi. 
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single, naked, motile swarm spore emerges from each. The swarm spores 
feed like the Plasmodium while they undergo several divisions and vari
ous changes. Finally they unite in pairs to form amoeboid zygotes which 
enlarge, become multinucleate and become the Plasmodium. 

No control is usually considered necessary against slime molds. When 
they become too numerous and unsightly, breaking up of the spore 
masses by raking, brushing, or hosing down with water in dry weather, 
and removal of affected leaves or mowing of grass corrects the problem. 
Slime mold fungi are generally very sensitive to many fungicides, so if the 
problem becomes serious, spraying with any fungicide, such as captan, 
thiram, etc., used to control other diseases of the particular plant should 
also control the slime molds. 
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DISEASES OF 
BELOW-GROUND PLANT PARTS 
CAUSED BY MYXOMYCETES 

Three common and often severe diseases of below-ground parts of plants 
are caused by Myxomycetes of the order Plasmodiophorales. The fungi 
involved are: 

Plasmodiophora, causing clubroot of crucifers 
Polymyxa, causing a root disease of cereals and grasses 
Spongospora, causing the powdery scab of potato (Fig. 42) 

These fungi are widespread in soils in which they overwinter as 
resting spores. When the temperature is favorable and moisture is plenti
ful, the resting spore produces one zoospore which infects a root hair and 
produces a Plasmodium. The latter is transformed into zoosporangia 
which produce numerous secondary zoospores which, probably after pair
ing, enter root or tuber tissues, produce Plasmodium and cause the typical 
disease. The Plasmodium spreads into the host tissues and is finally 
transformed into overwintering resting spores. 

The pathogens are obligate parasites and, although they can survive in 
the soil as resting spores for many years, they can only grow and multiply 
in a rather limited number of hosts. The Plasmodium lives off the host 
cells it invades and it does not kill these cells. On the contrary, in some 
diseases many invaded and adjacent cells are stimulated by the pathogen 
to enlarge and divide, thus making available more nutrients for the 
pathogen. These pathogens spread from plant to plant by means of zoo
spores and by anything that moves soil or water containing spores, by 
infected transplants, etc. Control of these pathogens is difficult and de
pends mostly on avoiding contamination of pathogen-free soils, use of 
healthy transplants, tubers, etc., crop rotation with nonhost plants, ad
justment of soil pH, etc. 
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FIGURE 42. 
Mature stage of powdery scab of potato caused by Spongospora subterranea. 

Polymyxa and Spongospora, in addition to t h e diseases t h e y cause , can 
also t r a n s m i t des t ruc t ive plant viruses, Polymyxa being a v e c t o r of soil-
borne w h e a t m o s a i c virus and Spongospora of t h e p o t a t o m o p top virus . 

• Clubroot of Crucifers 

T h e clubroot disease of cruciferous plants, such as cabbage and cauliflower, 
is widely distributed all over the world, found w h e r e v e r plants of t h e 
m u s t a r d family grow. It has been observed m o s t frequently in Europe and 
N o r t h A m e r i c a . 

Clubroot causes serious losses w h e n susceptible variet ies of any 
cruciferous species are g r o w n in infested fields. Fields o n c e infested w i t h 
the c lubroot pathogen r e m a i n so indefinitely and b e c o m e unfit for cult i 
v a t i o n of crucifers . 

Symptoms. Infected plants m a y h a v e pale green to yel lowish leaves 
w h i c h m a y s h o w flagging and wilt ing in t h e middle of hot, sunny days 
but m a y r e c o v e r during the night (Fig. 4 3 A ) . Affected plants s h o w a l m o s t 
n o r m a l vigor at first, but t h e n gradually b e c o m e s tunted . Y o u n g plants 
m a y be killed by the disease w i t h i n a short t i m e after infect ion, whi le 
older plants m a y r e m a i n alive but fail to p r o d u c e m a r k e t a b l e heads . 

T h e m o s t c h a r a c t e r i s t i c s y m p t o m s of t h e disease appear on t h e roots 
and s o m e t i m e s the underground part of the s t e m (Fig. 43B) . T h e s y m p 
t o m s consis t of s m a l l or large spindlelike, spherical , knobby, or club-
shaped swellings on t h e roots and root le ts . T h e s e m a l f o r m a t i o n s m a y be 
isolated and cover only part of s o m e roots or t h e y m a y c o a l e s c e and cover 
the ent ire root s y s t e m of t h e plant . T h e older and usual ly the larger 
clubbed roots disintegrate before t h e end of t h e season due to invasion by 
bacter ia and other w e a k l y parasi t ic soil m i c r o o r g a n i s m s . 
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FIGURE 43. 
(A) Midday wilting of half-grown cabbage plants that have severely clubbed roots. 
(B) Malformed, spindlelike or clubbed roots infected with Plasmodiophora 
brassicae. 

The pathogen: Plasmodiophora brassicae. It is a slime mold, the 
body of which is a Plasmodium. The Plasmodium gives rise to zoosporan-
gia or to resting spores. Upon germination they produce zoospores. The 
single zoospore from resting spores penetrates host root hairs and there 
develops into a Plasmodium. After a few days, the Plasmodium cleaves 
into multinucleate portions surrounded by separate membranes; each 
portion develops into a zoosporangium. The zoosporangia are discharged 
outside the host through pores dissolved in the host cell wall, and each 
zoosporangium releases four to eight secondary zoospores. Some of these 
zoospores fuse in pairs to produce zygotes which can cause new infec
tions and produce new Plasmodium. The Plasmodium finally turns into 
resting spores (Fig. 44 ) which are released into the soil upon disintegra
tion of the host cell walls by secondary microorganisms. 

Development of disease. The Plasmodium resulting from the germi
nation of the secondary zoospores penetrates young root tissues directly; 
it can also penetrate secondarily thickened roots and underground stems 
through wounds. From these points of primary infection the Plasmodium 
spreads to cortical cells and reaches the cambium through direct penetra
tion of host cells (Fig. 4 5 ) . From the point of infection of the cambium the 
Plasmodium spreads in all directions in the cambium, outward into the 
cortex and inward toward the xylem and into the medullary rays. Single-
point infections result in spindle-shaped clubs, being widest at the point 
of invasion and tapering off away from it. 

As the plasmodia pass through cells, they become established in some 
of them and stimulate these cells to abnormal enlargement (hypertrophy) 
and abnormal division (hyperplasia). Infected cells may be five or more 
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FIGURE 44. 
Scanning electron micrograph of resting spores of Plasmodiophora brassicae 
within cells of club roots. (Photo courtesy M. F. Brown and H. G. Brotzman) 
xlOOO. 

times larger than adjacent uninfected ones. The infected cells of a club are 
distributed in small groups throughout the diseased tissue and the groups 
are usually separated by uninfected cells. The stimulus which is respon
sible for the abnormal growth of the cells appears to diffuse in advance of 
the pathogen and acts on the noninvaded cells of diseased tissues as well 
as on the infected ones. Actively growing and dividing cells, i.e., cambial 
cells, are more easily invaded by the pathogen and are more responsive to 
the stimulus than other cells. 

In most cases many cells of infected clubs remain free from plasmodia, 
but in rare instances almost all the cells of a club may be infected. When 
few cells are infected the plasmodia become large, whereas when many 
cells are infected, they remain relatively small. Thus, there seems to be a 
fairly constant ratio between the volume occupied by the plasmodium 
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FIGURE 45. 
Disease cycle of clubroot of crucifers caused by Plasmodiophora brassicae. 

and that of the diseased tissue, the former being approximately 30 percent 
of the latter. 

The plasmodium-infected clubs not only utilize much of the food 
required for the normal growth of the plant, but they also interfere with 
the absorption and translocation of mineral nutrients and water through 
the root system resulting in gradual stunting and wilting of the above-
ground parts of the plant. Furthermore, the rapidly growing and greatly 
enlarged cells of the club tissues are unable to form a cork layer at the 
surface and are easily ruptured and invaded by secondary, weakly parasi
tic microorganisms. The invasion of clubs by bacteria, and the sub
sequent disintegration by them, lead to formation of substances toxic to 
the plant which are partly responsible for the wilting of the tops. 

Control. Growing cruciferous crops in fields known to be infested 
with the clubroot pathogen should be avoided. If that is not possible, 
cabbage and the other susceptible cruciferous crops should be planted in 
well-drained fields with a pH slightly above neutral (usually about 7.2) or 
in fields in which the pH is adjusted to 7.2 by the addition of the proper 
amount of hydrated lime. The use of soil liming in the control of clubroot 
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is based on the fact that spores of the clubroot organism germinate poorly 
or not at all in alkaline media. 

Although soil fumigants capable of disinfecting fields from the club-
root organism are available, the cost of materials and of application are as 
yet prohibitive. However, seedbed areas can be kept free of clubroot by 
treating the soil with chloropicrin, methyl bromide, Mylone, Vapam, or 
Vorlex approximately 2 weeks before planting. The clean, clubroot-free 
seedlings should, upon transplanting, be watered with a solution of be-
nomyl (or PCNB = pentachloronitrobenzene) and again with the same 
solution one month later. 

The search for and development of varieties of cruciferous hosts resis
tant to clubroot has been only partially successful. Such resistance has 
been most highly developed in varieties of rutabaga and turnip, but the 
extensive use of resistant varieties in infested soil has resulted in the 
appearance of highly virulent new races of the pathogen, sometimes 
within three years from the time of the release of the resistant varieties. 
Although some varieties of the most popular cruciferous hosts are resis
tant to certain races of the clubroot organism and can be grown in areas 
infested with these races, no varieties of cabbage, cauliflower, Brussels 
sprouts, or broccoli resistant to all the races of P. brassicae are presently 
available. 
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DISEASES CAUSED BY 
PHYCOMYCETES 

Phycomycetes contain three classes of plant pathogenic fungi whose body 
consists of round or elongated mycelium that lacks cross walls. The first 
two classes, Chytridiomycetes and Oomycetes, produce zoospores, while 
the third class, Zygomycetes, does not produce zoospores but, instead, 
produces nonmotile spores in sporangia (Fig. 38). The plant-pathogenic 
Chytridiomycetes, the Chytridiales, usually known as chytrids, lack true 
mycelium, having mostly a round or irregularly shaped rhizomycelium 
that lives entirely within the host cells. Upon maturity, the vegetative 
body is transformed into one or many thick-walled resting spores or spo
rangia. The plant-pathogenic Oomycetes, which include the orders 
Saprolegniales and Peronosporales, have well-developed, elongated 
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mycelium, produce zoospores in zoosporangia,- their resting spores are 
oospores, produced by the union of two morphologically different ga
metes. 

Chytridiomycetes and most Oomycetes are water- or soil-inhabiting 
fungi. Since they produce zoospores, all require or are favored by free 
water or a film of water in the soil or on the plant surface. The Perono-
sporales that attack mostly aboveground parts of plants also require a film 
of water on the plant surface or very humid atmosphere for infection and 
further development. 

The Zygomycetes have well-developed mycelium, also without cross 
wall, produce nonmotile spores in sporangia, and their resting spore is a 
thick-walled zygospore produced by the union of two morphologically 
similar gametes. The Zygomycetes are strictly terrestrial fungi, their 
spores often floating around in the air, and are either saprophytes or weak 
parasites of plants and plant products on which they cause soft rots or 
molds. 

DISEASES CAUSED 
BY CHYTRIDIOMYCETES 

This class contains four plant pathogenic genera: Olpidium, 
Physoderma, Synchytrium, and Urophlyctis. Most of them infect below-
ground parts of plants while one, Physoderma, attacks aboveground parts 
of plants. 

DISEASES OF BELOW-GROUND PLANT PARTS CAUSED BY CHY
TRIDIOMYCETES Three diseases of moderate importance are caused by 
Chytridiomycetes that attack roots, tubers, or stems at or below the soil 
line. The fungi and the diseases they cause are: 

Olpidium, causing root diseases of many kinds of plants 
Synchytrium, causing black wart of potato 
Urophlyctis, causing crown wart of alfalfa 

These fungi survive in the soil as resting spores or in host plants as a 
spherical or irregularly shaped thallus (= rhizomycelium). The resting 
spores germinate to produce one or many zoospores. These infect plant 
cells and either produce rhizomycelium directly and cause the typical 
infection, or they first produce zoosporangia. The latter produce secon
dary zoospores which then cause the typical infection. Abundant mois
ture favors the local spread of the pathogens. Over long distances the 
pathogens are spread in infected plant parts or on contaminated plants 
and soil. Infected plant cells are not usually killed. Instead, in the diseases 
caused by Synchytrium and Urophlyctis, infected tissues are stimulated 
to divide and enlarge excessively. 

Olpidium and Synchytrium can also transmit viruses from the hosts 
in which they are produced to those they infect next. Thus, Olpidium is a 
vector of at least four plant viruses (tobacco necrosis virus, lettuce big 
vein virus, cucumber necrosis virus, tobacco stunt virus); Synchytrium is 
a vector of potato virus X. 
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• Black Wart of Potato 

Black wart is apparently present throughout the world although it seems 
to be most severe in Europe. It was discovered in a few east-central states 
of the U.S. in 1918, but it was localized through quarantine measures and 
has not reappeared since then. Black wart causes losses by reducing the 
quantity of potato tubers and even more their quality by forming large, 
unsightly, irregular warts, or galls. The disease also affects tomato and 
other species of Solanum. 

Symptoms. Warts develop on below-ground parts of the stem, on 
stolons and on tubers but not on roots (Fig. 46). Wart formation begins at 
the buds of these organs as small swellings. These soon enlarge into 
roughly spherical or irregular, convoluted, hyperplastic masses of dis
torted branches and leaves. The warts may be several centimeters in 
diameter, soft, and at first the color of stolons or tubers. Older warts 
become darker and are often invaded by secondary organisms that lead to 
partial disintegration of the warts. 

The pathogen: Synchytrium endobioticum. The vegetative body (= 
thallus) of the pathogen exists only inside the host cell. Later it produces 
and is surrounded by a thick wall, thus forming what is called a prosorus. 
The latter germinates within the host cell, and the protoplast, surrounded 
by a membrane, comes out of its thick wall, while its nuclei divide 
repeatedly. The protoplast is divided into 4 to 9 segments each containing 
200 to 300 nuclei. Each segment develops into a sporangium, and the 
mass of sporangia is called a sorus. If moisture and temperature are 
favorable, the sporangia germinate by means of zoospores which infect 

FIGURE 46. 
Symptoms of black wart of potato caused by Synchytrium endobioticum. 
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the host and repeat the cycle (Fig. 47). When drought or low temperature 
sets in, the zoospores from the sporangia fuse in pairs to form zygotes. 
These infect epidermal cells just like the zoospores. Within the cell they 
form a thick wall around them converting themselves into resting 
sporangia which overwinter. The following season the resting sporangia 
form zoospores which are released and cause new infections. Synchy-
trium endobioticum, in addition to causing the black wart disease, can 
also act as a vector of the threadlike potato virus X, which the zoospores 
seem to carry within them from plant to plant. 

Development of disease. The resting sporangia can survive in soil 
and in old, dry warts for many years. The zoospores produced from resting 
sporangia or zoosporangia penetrate epidermal cell walls of the bud parts 
directly. Once inside the cell, they absorb food and secrete substances 
that stimulate the invaded cell to become greatly enlarged and the sur
rounding epidermal and cortical cells to divide and enlarge. This results 
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FIGURE 47. 
Disease cycle of black wart of potato caused by Synchytrium endobioticum. 
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in the appearance of swellings around the points of infection which soon 
enlarge further, become intricately branched and produce the warts. Ac
tually, following the initial infection of a bud and the production of 
several new generations of zoospores from the sporangia, numerous rein* 
fections occur, which stimulate more cells and dormant buds into exces
sive cell division and enlargement of stem and leaf tissues that result in 
the soft, convoluted wart. The soft wart tissues lack normal protective 
epidermal tissues, are easily injured and invaded by secondary microor
ganisms, their surface disintegrates and the wart appears black. 

The pathogen is spread nearby by swimming zoospores, running water 
or is carried in soil as zoospores or resting sporangia. Over long distances, 
the pathogen spreads on infected tubers, on latent or indistinct infections 
of tubers of resistant varieties, and on infested soil or manure carried to 
other fields or areas. 

Control. Quarantine measures have limited the spread of the patho
gen from the original areas of infestation. These areas even to date must 
grow only resistant varieties and export of potatoes from the few 
Synchytrium-infested localities of Pennsylvania, Maryland, and West 
Virginia is prohibited. Eradication of the pathogen from infested soil, 
although possible, is too expensive to be practical. 

Where the pathogen is already widespread in soils, the best control is 
through the use of resistant varieties. Fortunately, several potato varieties 
are resistant to the black wart pathogen, although both the degree and 
type of resistance seem to vary considerably among varieties and are also 
affected by the particular race of the pathogen present in the area. 
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DISEASES OF ABOVEGROUND PLANT PARTS CAUSED BY CHY-
TRIDIOMYCETES Brown spot of corn, caused by Physoderma maydis, is 
the only disease of some importance in this group. 



DISEASES CAUSED BY PHYCOMYCETES 205 

• Physoderma Brown Spot of Corn 

The disease occurs mostly in the southeastern U.S. and Mexico, but it 
has been found occasionally in some midwestern states and in Asia. It 
causes generally minor losses but localized outbreaks do occur. The losses 
consist of reduced yields and occasional breakage of the corn stalk at 
heavily infected nodes. 

Symptoms. Small yellowish spots may appear on all aboveground 
parts of the plant. The spots later turn brown to reddish-brown, enlarge 
and often coalesce into irregular blotches. Infected cells break up and 
expose dark brown sporangia. Heavily infected stalks may break and fall 
over. 

The pathogen: Physoderma maydis. Its body consists of a multinu
cleate rhizomycelium consisting of enlarged cells and fine threadlike 
hyphae (Fig. 48). The enlarged cells form brown sporangia, each of which 
on germination releases 20 to 50 zoospores that have a single flagellum. 
The zoospores germinate to produce thin hyphae which finally produce 
rhizomycelium. 

Resting spore s Symptom s o n Rhizomyceliu m beginnin g 
in cel l cor n lea f an d t o for m restin g spore s 

stem 

FIGURE 48. 
Disease cycle of Physoderma brown spot disease of corn. 
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Development of disease. The pathogen overwinters as resting 
sporangia in the soil or infected plant debris. In the spring and summer, 
the sporangia, whether on the soil or on young corn tissues, germinate in 
the presence of moisture and light and give zoospores. The zoospores, as 
they move on wet leaf surfaces, form infectious hyphae which penetrate 
young corn cells, especially within the leaf whorl. The invading 
mycelium grows within the corn cells in which it becomes rhizo-
mycelium and, later, sporangia. This cycle may be completed within 2 to 
3 weeks and repeated several times during the growing season, until 
finally resting sporangia are produced. 

Control. No effective, practical control measures are available, but 
some hybrid varieties are more resistant than others. 
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DISEASES CAUSED BY OOMYCETES 

The most important plant pathogenic Oomycetes, i.e., fungi that have 
elongated mycelium without cross walls and produce oospores as their 
resting spores and zoospores or zoosporangia as their asexual spores, 
belong to two orders: Saprolegniales and Peronosporales. 

Of the Saprolegniales, only the genus Aphanomyces is important as a 
plant pathogen, causing root rot diseases of many annual plants, particu
larly of pea and sugarbeet. 

The Peronosporales include some of the most important plant patho
gens known: Pythium, the cause of seed rot, seedling damping off, and 
root rot of most plants, and soft rot of fleshy fruits, etc., in contact with 
the soil; Phytophthora, the cause of late blight of potato and of root rots 
and blights of many other plants; and several genera comprising the group 
of fungi causing the very destructive diseases known as downy mildews. 
Another fungus, Albugo, causes the common but usually not serious 
white rust diseases of cruciferous plants (Fig. 38). 

The plant diseases caused by Oomycetes are basically of two types (Fig. 
39): (1) Those that affect plant parts present in the soil or in contact with 
the soil, e.g., roots, lower stems, tubers, seeds, and fleshy fruits lying on 
the soil. Such diseases are caused by all the species of Aphanomyces and 
Pythium and by some species of Phytophthora. (2) Those that affect only 
or primarily aboveground plant parts, particularly the leaves, young 
stems, and fruits. Diseases of this type are caused by some species of 
Phytophthora and by all the species of Albugo and of the downy mildew 
fungi [Bremia, Peronospora, Plasmopara, Pseudoperonospora, and 
Sclerospora). 
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• Pythium Seed Rot, 
Damping off, and Root Rot 

Damping-off disease of seedlings is widely distributed all over the world. 
It occurs in valleys and forest soils, in tropical and temperate climates, 
and in every greenhouse. The disease affects seeds, seedlings, and older 
plants of almost all kinds of vegetables, flowers, cereals, and many fruit 
and forest trees. In all cases, however, the greatest damage is done to the 
seed and seedling roots during germination either before or after 
emergence. Losses from this disease vary considerably with soil moisture, 
temperature, etc. Quite frequently, however, seedlings in seedbeds are 
completely destroyed by damping off, or they die soon after they are 
transplanted. In many instances poor germination of seeds or poor 
emergence of seedlings is the result of damping-off infections in the 
preemergence stage. Older plants are seldom killed when infected with 
the damping-off pathogen, but they develop stem lesions or root rots, 
their growth may be retarded considerably, and their yields may be 
reduced drastically. Some species of the damping-off fungus also attack 
the fleshy organs of plants, which rot in the field or in storage. 

Symptoms. The symptoms caused by the damping-off fungi vary 
with the age and stage of development of the plant affected. When seeds 
of susceptible plants are planted in infested soils and are attacked by the 
damping-off fungi, they fail to germinate, become soft and mushy, then 
turn brown, shrink, and finally disintegrate. Seed infections taking place 
in the soil cannot be observed, and the only manifestations of the disease 
are poor stands. Poor stands, however, are also the result of infections of 
the seedling by the damping-off fungus after the seed has germinated but 
before the seedling has emerged above the soil line. Tissues of such young 
seedlings can be attacked at any point. The initial infection appears as a 
slightly darkened, water-soaked spot. The infected area enlarges rapidly, 
the invaded cells collapse, and the seedling is overrun by the fungus and 
dies shortly after the beginning of infection. In both cases infection takes 
place before the seedlings emerge, and this phase of the disease is called 
preemergence damping off. 

Seedlings that have already emerged are usually attacked at the roots 
and sometimes at or below the soil line (Fig. 4 9 , A-E). The succulent 
tissues of the seedling are easily penetrated by the fungus, which invades 
and kills the cells very rapidly. The invaded areas become water soaked 
and discolored, and the cells soon collapse. At this stage of infection the 
basal part of the seedling stem is much thinner and softer than the above, 
yet uninvaded, parts; owing to loss of firmness and supporting power, the 
invaded portion of the stem cannot support the part of the seedling above 
it, whereupon the seedling falls over on the soil. The fungus continues to 
invade the seedling after it has fallen to the ground and the seedling 
quickly withers and dies. This phase of the disease is called post-
emergence damping off. 

When older plants are attacked by the damping-off fungus they usually 
show only small lesions on the stem; these, however, if sufficiently large 
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or numerous, can girdle the plant and cause stunting or death. More 
commonly, infections on older plants are limited to rootlets, which are 
damaged and frequently killed by the fungus; this results in stunting, 
wilting, and death of the aboveground part of the plant. 

Soft fleshy organs of some vegetables, such as cucurbit fruits, green 
beans, potatoes, and cabbage heads, are sometimes infected by the damping-
off fungi during extended wet periods in the field, in storage and transit. 
Such infections result in a cottony fungus growth on the surface of the 
fleshy organ, while the interior turns into a soft, watery, rotten mass, 
called "leak" (Fig. 49F). 

The pathogen: Pythium sp. Several different fungi, e.g., Rhizoctonia, 
Fusarium, can cause symptoms quite similar to one or the other phase of 
those described above. Pythium, however, seems to be the most impor
tant cause of the pre- and postemergence phases of damping off. Several 
species of Pythium are involved, but the effect of each one of them on its 
hosts is usually similar to that of the others. 

Pythium produces white, slender, profusely branching, and rapidly 
growing mycelium. The mycelium gives rise to terminal, or intercalary 
sporangia which may be spherical, filamentous, or variously shaped. 
Sporangia germinate directly by producing one to several germ tubes, or 
by producing a short hypha at the end of which a vesicle is formed (Fig. 
50). The protoplasm passes from the sporangium into the vesicle, and 
there it forms more than 100 zoospores. When the zoospores are released, 
they swarm about in the water for a few minutes, come to rest, encyst by 
rounding off, and germinate by producing a germ tube. The germ tube 
usually penetrates the host tissue and starts new infection, but some
times it produces another vesicle in which several secondary zoospores 
are formed, and this may be repeated. 

The mycelium also gives rise to spherical oogonia and club-shaped 
antheridia at the ends of short hyphae. The hypha bearing the an-
theridium may originate from the hypha bearing the oogonium or from 
another hypha of the mycelium. Upon contact with the oogonium the 
antheridium produces a fertilization tube which enters the oogonium. 
Through this tube the male nuclei of the antheridium move toward the 
female nuclei of the oogonium, unite with them and form the zygote. A 
thickening of the wall of the fertilized oogonium takes place, and the 
thick-walled structure containing the zygote is called an oospore. Oo
spores are resistant to high or low temperatures and other adverse factors 
and serve as the overwintering stage of the fungus. Since oospores require 
a resting period before they germinate, they are also called resting spores. 
Oospores, too, germinate either by producing germ tubes which develop 
into mycelium or by producing vesicles in which zoozspores are formed 
in a way similar to that described for sporangia. The type of germination 

FIGURE 49. 
Damping-off symptoms (A) on tobacco seedlings compared to control (B). (C) 
Damping-off symptoms on cucumber seedlings. (D) Root and stem rot of Swedish 
ivy caused by Pythium. (E) Damping off on bean. (F) Soft rot of young butternut 
squash caused by Pythium. (Photo Ε courtesy G. C. Papavizas.) 
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of both sporangia and oospores is determined primarily by the tempera
ture of the medium, temperatures above 18°C favoring germination by 
germ tubes, while temperatures between 10 and 18°C induce germina
tion by means of zoospores. 

Pythium species are widely distributed in waters and soils throughout 
the world. They live on dead plant and animal substrata as saprophytes or 
as low-grade parasites attacking the fibrous roots of plants. When a wet 
soil is heavily infested with Pythium, any seeds, or young plants emerg
ing from seeds, in such a soil may be attacked by the fungus. 

Development of disease. Spore germ tubes or saprophytic mycelium 
of Pythium come in contact with seeds or seedling tissues of host plants 
either by chance or because the exudates of these plants serve as nutrients 
and chemotropic stimulants to its zoospores and mycelium which move 
or grow toward the plants. The fungus enters the seeds by direct penetra
tion of the moistened, swollen seed coats or through cracks, and further 
penetrates the embryo or emerging seedling tissues through mechanical 
pressure and dissolution by means of enzymes. Pectinolytic enzymes 
secreted by the fungus dissolve the middle lamella which holds the cells 
together, resulting in maceration of the tissues. Further invasion and 
breakdown of tissues occurs as a result of growth of the fungus between 
and through the cells. At the points where the hyphae pass through the 
cell walls they are constricted to approximately half their normal diame
ter. Proteolytic enzymes break down the protoplasts of invaded cells, 
while physical forces and, in some cases, fungal cellulolytic enzymes 
bring about complete collapse and disintegration of the cell walls. The 
fungus consumes many of the plant cell substances and the products of 
their breakdown and uses them as building blocks for its own body or as 
an energy source for its own metabolic activities. Thus infected seeds are 
killed and turn into a rotten mass consisting primarily of fungus and 
substances such as suberin and lignin, which this fungus cannot break 
down. 

The infection of roots and stems of young, tender seedlings progresses 
in essentially the manner described above. The initial infection usually 
occurs at or slightly below the surface of the soil, depending on moisture 
level and depth of planting. The mycelium penetrates the epidermal and 
cortical cells of the stem directly, consumes part or all of their contents 
and breaks down their cell walls, bringing about the collapse of cells and 
tissues. In this area vascular tissues may also be invaded, in which case 
they become discolored even beyond the extent of the cortical lesion. 
Seedlings so invaded die quickly. When the invasion of the fungus is 
limited to the cortex of the belowground stem of the seedling, the latter 
may continue to live and grow for a short time until the lesion extends 
above the soil line. Then, the invaded, collapsed tissues cannot support 
the seedling, which falls over and dies (Figs. 49 and 50). 

If the initial infection occurs when the seedling is already well de
veloped and has well-thickened and lignified cell walls and active cam
bium, the advance of the fungus is checked at or near the point of 
infection, and only relatively small lesions develop. Well-developed, ma-
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FIGURE 50. 
Disease cycle of damping off and seed decay caused by Pythium sp. 

ture tissues present considerable resistance to the mechanical pressure 
and to the enzymatic activity of the fungus by means of their increased 
thickness and modified structure of their cell walls. 

Rootlets of most plants can be attacked by Pythium at almost any 
stage of growth. The fungus enters root tips and proliferates in the young 
cells, causing a rapid collapse and death of the rootlet. Further advance of 
the fungus into older roots is usually limited to the cortex of the root. 
Fleshy or relatively young roots are invaded to a much greater extent, the 
lesions extending to several centimeters in length and through the thick
ness of the cortex in depth. 

Infections by Pythium of fleshy vegetable fruits and other organs can 
take place in the field, in storage, in transit, and in the market. Field 
infections begin at the point of contact of the fruit with wet soil heavily 
infested with the fungus. Enzymes secreted by the fungus macerate the 
tissue, which becomes very soft and watery. An entire cucumber fruit 
may be invaded by the fungus within 3 days from inoculation. As the 
mycelium advances through the fleshy tissue it also bursts through the 
confining epidermis and forms, at first, small patches of aerial mycelium,-
these soon enlarge, coalesce, and form a continuous, luxuriant, cottony 
mycelial weft encasing most or all of the fruit. In storage, the aerial 
mycelium of an infected fruit grows out between adjacent fruits, invests 
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them partially or completely, and soon penetrates, infects, and destroys 
these fruits. 

During the development of infection only mycelium can be found in 
the infected tissues. As the infection progresses, however, sporangia 
begin to appear, and they are followed by the production of oospores. 
Sporangia and oospores can be produced inside or outside the host tissues 
or both, depending on the particular fungus species involved. 

The severity of the diseases and amount of losses caused by Pythium 
infections are greater when the soil is kept wet for prolonged periods, 
when the temperature is unfavorable for the host plant, i.e., too low for 
plants requiring high temperatures for optimum growth or too high for 
plants requiring relatively low temperatures for best growth, when there 
is an excess of nitrogen in the soil, and when the same crop is planted in 
the same field for several consecutive years. 

Control Pythium diseases in the greenhouse can be controlled 
through the use of soil sterilized by steam or dry heat, or with chemicals 
and through the use of chemically treated seed. In the field, however, 
where soil sterilization is difficult and expensive, seed treatment with 
one or more of a number of chemicals is the most important disease 
preventive measure. The most commonly used materials for seed or bulb 
treatment include chloranil, thiram, captan, dichlone, ferbam, and diazo-
ben. The systemic fungicide ethazole controls damping off, seedling 
blights, and root rots caused by Pythium and Phytophthora. It can be 
applied as soil or seed treatment. Although more than one of these 
chemicals may be used on any crop with good results, there are usually 
some chemical-crop combinations that are much more effective than the 
rest, while some other combinations may be phytotoxic or ineffective 
under certain conditions. 

Seed treatment is sometimes followed by spraying of seedlings with 
ziram, chloranil, captan, soluble coppers, etc. This is especially important 
when the soil is heavily infested with Pythium or when the soil stays 
wet for prolonged periods during the early stages of plant growth. 

Certain cultural practices are sometimes helpful in reducing the 
amount of infection. Good soil drainage is the most important of all. 
Improvement of heavy soils and improvement of air circulation among 
plants are advisable,- planting should be done when temperatures are 
favorable for fast plant growth; application of excessive amounts of ni
trate forms of nitrogen fertilizers should be avoided. No one crop should 
be planted in the same field for more than two consecutive years since 
that would increase the fungus population in the soil unless the soil is 
sterilized periodically. 
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PHYTOPHTHORA DISEASES 

Species of Phytophthora cause a variety of diseases on many different 
types of plants ranging from seedlings of annual vegetables or ornamentals 
to fully developed fruit and forest trees. Most species cause root rots, 
damping off of seedlings, and rots of lower stems, tubers, corms, etc. similar 
to those caused by Pythium sp. Others cause rots of buds or fruits, and 
some cause foliar blights that attack the foliage, young twigs, and fruit. 
Some species are host specific, i.e., they attack only one or two species of 
host plants, but others have a wide host range and may cause similar or 
different symptoms on many different kinds of host plants. The best-
known species is Phytophthora infestans, the cause of late blight of 
potatoes and tomatoes, but several other species cause extremely destruc
tive diseases on their hosts. Some of the other important species and their 
better-known diseases are listed here. 

P. cactorum, causes collar or trunk rot of apple, foot rot of lily and stock, blight 
of peony, dieback of azalea, stem rot, and wilt of snapdragon, root rot of 
sweet clover, and blossom blight of tulip. 

P. capsici, causes root rot of pepper, carrot and pumpkin, and fruit rot of 
pepper, cucurbits, eggplant, tomato, etc. 

P. cambivora, causes root and crown rot of trees. 
P. cinnamomi, causes root rot of avocado, azalea, chestnut, cinnamon, oak, 

pine, pineapple, and many other trees and shrubs, the "jarrah dieback" of 
natural forests in Australia. 

P. citrophthora, causes foot rot and fruit rot of citrus. 
P. cryptogea, causes root rot of tomato and of calla lily, and leaf and stem rot of 

gloxinia. 
P. erythroseptica, causes pink rot of potato, soft rot of sugarcane cuttings, and 

leaf blight of calla lily. 
P. fragariae, causes red stele root rot of strawberry. 
P. megasperma, causes root rot of crucifers, carrot, potato, spinach, beet, 

hollyhock, etc. 
P. megasperma var. sojae, causes Phytophthora rot of soybeans. 
P. palmivora, causes bud rot of coconut and stem rot of dieffenbachia and 

peperomia. 
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P. parasitica, causes damping off, leaf blight, stem canker, and buckeye rot of 
fruit in tomato, crown rot of rhubarb, soft rot of cucurbits, foot rot of citrus. 

P. parasitica var. nicotianae, causes black shank of tobacco. 
P. phaseoli, causes downy mildew of lima bean. 
P. syringae, causes lilac blight. 

• Phytophthora Root Rots 

Several species of Phytophthora, particularly P. cinnamomi, P. cryptogea, 
P. fragariae, and P. megasperma cause root rots on numerous species of 
plants that include fruit, forest, and ornamental trees and shrubs, annual 
vegetables and ornamentals, strawberries, etc. The most common 
Phytophthora root rots are littleleaf disease of pine, root rot of avacado 
and pineapple, root rots of alfalfa, azalea, calla lily, crucifers, tomato, 
carrot, red stele of strawberries, and many others (Fig. 51). The losses 
caused by Phytophthora root rots are great, especially on trees and shrubs, 
but the pathogen often goes undetected or unidentified. Plants suffering 
from such root rots often begin by showing symptoms of drought and 
starvation, and become weakened and susceptible to attack by other 
pathogens or various other causes which are then mistakenly taken as the 
causes of the death of the plants. 

Phytophthora root rots cause damage in their hosts in nearly every part 
of the world where the soil becomes too wet for good growth of suscepti
ble plants and the temperature remains fairly low, i.e., between 15 and 
2 3 ° C . 

Young seedlings of trees and annual plants may be killed by the disease 
within a few days, weeks, or months, while in older plants the killing of 
roots may be slow or rapid, depending on the amount of fungus present in 
the soil and the prevailing environmental conditions. As a result, older 
trees show sparse foliage, shorter, cupped, and yellow leaves, and dieback 
of twigs and branches. Such trees increase very little in height and 
diameter and usually die within 3 to 10 years after infection. Fewer and 
smaller fruit and seeds are produced each succeeding year. 

On all hosts affected by Phytophthora root rot, many of the small roots 
are dead, and necrotic brown lesions are often present on the larger roots. 
On young plants, or on older succulent plants, the whole root system may 
decay and this is followed by a more or less rapid death of the plant. In 
strawberries, as in the other plants, most of the small rootlets rot away, 
while the larger ones show progressive stages of browning beginning at 
the tips. In addition, in late spring and before or through harvest, affected 
larger strawberry roots show a red-colored core or stele, a symptom 
diagnostic of the strawberry red stele root rot caused by Phytophthora 
fragariae (Fig. 51, A, B). 

The behavior of the various Phytophthora species that cause root rots 
is generally similar. The fungus overwinters as oospores, chlamydo-
spores, or mycelium in infected roots or in the soil. In the spring, the 
oospores and chlamydospores germinate by means of zoospores, while the 
mycelium grows further and/or produces zoosporangia that release zoo
spores. The zoospores swim around in the soil water and infect roots of 
susceptible hosts with which they come in contact. More mycelium and 



FIGURE 51. 
(A) Strawberry plant (right) affected with the red stele disease caused by 
Phytophthora fragariae. Almost all feeder roots have been destroyed. Normal 
plant at left. (B) Red stele-affected strawberry roots being killed from the tip 
upwards (left), and roots split lengthwise to show the reddened central portion 
(middle). Healthy roots split lengthwise at right. (C) Root and stem rot of soybean 
seedlings caused by P. megasperma. Healthy plant at left. (D) Phytophthora root 
and stem rot of coleus. (E) Tobacco black shank caused by P. parasitica var. 
nicotiana. (Photos A, B, and Ε courtesy U.S.D.A. Photo C courtesy G. C. Papavizas). 
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zoospores are produced during wet, cool weather and spread the disease to 
more plants. In dry, hot, or too cold weather the fungus survives as oo
spores, chlamydospores, or mycelium that can start infections again when 
the soil is wet and the temperature favorable. 

Control of Phytophthora root rots depends on planting susceptible 
crops in soils free of the pathogen or in soils that are light and drain well 
and quickly. All planting stock should be free of infection and, when 
available, only resistant varieties should be planted. For plants in pots, 
greenhouses, or seedbeds, the soil and containers should be sterilized with 
steam before planting. 

• Phytophthora Foot, 
Crown, Collar, Stem, or Trunk Rots 

Most species of Phytophthora listed in the general part cause diseases 
primarily of the lower stem that are described by one or another of the 
terms listed here. The most common and most serious of such diseases 
include the trunk canker or collar rot of apple trees, foot rot of citrus trees 
(Fig. 52) , root and crown rot of cherry trees (Fig. 53 ) black shank of tobacco 

FIGURE 52. 
(A) Declining citrus tree as a result of girdling by the foot rot fungus Phytophthora 
parasitica or P. citrophthora. (B) Close-up of the rotting of the trunk base caused 
by the same pathogens. (Photos courtesy Agric. Res. and Educ. Center, Lake 
Alfred, Fla.) 

FIGURE 53. 
(A) Sweet cherry trees dying from Phytophthora root and crown rot. (B) Extensive 
trunk canker of cherry on Mahaleb rootstock caused by P. camhivora. (C) Typical 
crown rot symptoms of cherry on Mazzard rootstock caused by P. camhivora and 
P. megasperma. Sporangia (D), oospore with antheridium (E), and oospore (F) 
of P. camhivora. (Photos courtesy S. M. Mircetich, from Mircetich and 
Matherton, Phytopathology 6 6 : 5 4 9 - 5 5 8 . ) 
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(Fig. 5IE), foot rot of lily and stock, stem rot and wilt of snapdragon and 
soybeans, pink rot of potato, soft rot of sugarcane cuttings, stem rot of 
dieffenbachia and peperomia, and others. In many of these diseases the 
fungus also attacks the roots, it may attack and kill seedlings before or 
after emergence above the soil line, thus causing damping-off symptoms, 
and in some cases the fungus also attacks and causes partial or complete 
rot of the fruit, as, e.g., in tomato, pepper, cucurbits, citrus, and cacao (Fig. 
5 4 ) . 

The general characteristics of Phytophthora rots of the lower stem of 
plants, considering the wide variety of host plants and fungus species 
involved, appear quite similar. Like the other Phytophthora diseases, 
these are also favored by rather low temperatures and by high soil mois
ture and atmospheric humidity, and are therefore more common and 
most severe in low-lying, poorly drained areas. In some host-fungus 
combinations, the fungus attacks the stem below the soil line or it may 
first attack the main root and thus cause droughtlike symptoms and 
general decline of the aboveground parts of the plant before any direct 
lesions or cankers appear above the soil line. In most cases, however, the 
fungus attacks the plant at or near the soil line where it causes a water 
soaking of the bark that appears as a dark area on the trunk. The dark area 
enlarges in all directions and, if the plant is small and succulent, the 
darkening may soon encircle the entire stem, after which the lower leaves 
drop and eventually the whole plant wilts. On larger plants and on trees, 
the darkening may be on one side of the stem and soon becomes a 

FIGURE 54. 
Black pod disease of cacao caused by Phytophthora palmivora. (Photos courtesy 
Μ. Ο. K. Adegbola and A. Adebayo, Cacao Res. Inst., Nigeria.) 
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depressed canker below the level of healthy bark. In early stages, the 
diseased bark is firm and intact while the inner bark is slimy and may 
produce a moist, gummy exudate. Later, the affected area becomes shrun
ken and cracked. The collar rot canker may spread through the tissue up 
into the trunk (Fig. 53) and, sometimes, the branches, or down into the root 
system. Invasion of the root usually begins at the crown area or at ground 
level. As the cankers spread and enlarge, they may girdle the trunk, limbs, 
or roots, at first causing the plant or tree to grow poorly, produce fewer and 
smaller fruit, show sparse foliage and dieback of twigs, and finally killing 
the plant parts beyond the infected area. 

The Phytophthora species that cause these diseases live and reproduce 
primarily in the soil and usually attack susceptible plants at or below the 
soil line. Sometimes, however, spores of the fungus may be splashed into 
injured aboveground bark or low-lying fruit and may cause infections 
at these points. Fleshy fruit, such as cucurbits, lying on wet soil in
fested with the fungus are also attacked directly. The fungus overwinters 
in infected tissues as mycelium, oospores or chlamydospores. 

Control of Phytophthora diseases of the lower stem requires all pre
cautions described for Phytophthora root rots. In addition, it can be 
improved by applying ethazol to the soil, seeds or transplants. Also on 
dormant, susceptible plants, primarily trees, and in the soil around them, 
application of a solution of copper oxychloride or Bordeaux mixture 
seems to greatly inhibit the growth and activity of the fungus. Resistant 
varieties should always be preferred, especially for heavy, poorly drained 
soils. With fruit trees, resistant rootstocks, and sometimes interstocks, 
offer the most effective means of controlling foot rot or collar rot. 

• Late Blight of Potatoes 

The late blight disease of potatoes is found in nearly all areas of the world 
where potatoes are grown. It is most destructive, however, in the eastern 
half of North America and in northwestern Europe, where potatoes are 
grown in large acreages and where cool, moist weather favors both potato 
production and the late blight disease. Late blight is also very destructive 
on tomatoes and on several other species in the family Solanaceae. 

Late blight may kill the foliage and stems of potato and tomato plants 
at any time during the growing season. It also attacks potato tubers and 
tomato fruits in the field, which rot either in the field or while in storage, 
transit, and market. 

Late blight may cause total destruction of all plants in a field within a 
week or two when weather conditions are favorable and when no control 
measures are applied. Losses, however, vary from one area to another and 
from year to year, depending on the prevailing temperature and moisture 
at certain periods of the growing season and on the control measures 
practiced. Even when losses in the field are small, potatoes may become 
infected during harvest and may rot in storage. 

Symptoms. Symptoms appear at first as circular or irregular 
water-soaked spots, usually at the tips or edges of the lower leaves. In 
moist weather the spots enlarge rapidly and form brown, blighted areas 



220 PLANT DISEASES CAUSED BY FUNGI 

with indefinite borders. A zone of white, downy fungus growth 3 to 5 mm 
wide appears at the border of the lesions on the undersides of the leaves 
(Fig. 55 A, B). Soon the entire leaflet and then all the leaflets on a leaf are 
infected, die, and become limp. Under continuously wet conditions all 
tender, aboveground parts of the plants blight and quickly rot away, 
giving off a characteristic odor. In dry weather the activities of the fungus 
are checked. Existing lesions stop enlarging, turn black, curl, and wither, 
and no fungus appears on the underside of the leaves. When the weather 
becomes moist again the fungus resumes its activities and the disease 
once again develops rapidly. 

Affected tubers at first show more or less irregular, purplish-black or 
brownish blotches. When cut open, the affected tissue appears water-
soaked, dark, somewhat reddish brown, and extendes 5 to 15 mm into the 
flesh of the tuber (Fig. 55 C, D). Later the affected areas become firm and 
dry and somewhat sunken. Such lesions may be small or may involve 
almost the entire surface of the tuber without spreading deeper into the 
tuber. The rot, however, continues to develop after the tubers are har
vested, or infected tubers may be subsequently invaded by secondary 
fungi and bacteria causing soft rots and giving the rotting potatoes a 
putrid, offensive odor. 

FIGURE 55. 
Late blight symptoms on potato (A) and tomato (B) leaves. The whitish zone 
surrounding the necrotic area of (A) consists of conidiophores and conidia of 
Phytophthora infestans. (C) Exterior and cross-section view of late blight 
symptoms on potato tubers. (D) Late blight on the stem of a young potato plant 
originating from mycelium that overwintered in the infected potato seed piece. (E, 
F) Exterior and cross-section views of late blight symptoms on tomato fruit. 
(Photos A - D courtesy Dept. Plant Path., Cornell Univ.) 
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Tomato fruit is attacked and may rot rapidly in the field or in storage 
(Fig. 55, E, F). 

The pathogen: Phytophthora infestans. The mycelium produces 
branched sporangiophores of unrestricted growth (Fig. 56). Lemon-
shaped, papillate sporangia are produced at the tips of the sporangiophore 
branches, but as the tips of the branches continue to grow the sporangia 
are pushed aside and later fall off. At the places where sporangia are 

FIGURE 55C-F. 



FIGURE 56. 
Disease cycle of late blight of potato and tomato caused by Phytophthora infestans. 
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produced, the sporangiophores form swellings that are characteristic for 
this fungus. Sporangia germinate almost entirely by means of zoospores 
at temperatures up to 12 or 15°C, while above 15°C sporangia may 
germinate directly by producing a germ tube. Each sporangium produces 
3 to 8, sometimes more, zoospores, which are liberated by the bursting of 
the sporangial wall at the papilla. 

This fungus requires two mating types for sexual reproduction, and 
because only one of them is present in most countries the sexual stage of 
the fungus has rarely been found. In Mexico, however, both matirig types 
are widely distributed and oospores are common. When the two mating 
types grow adjacently, the female hypha grows through the young an
theridium and develops into globose oogonium above the antheridium. 
The antheridium then fertilizes the oogonium which develops into a 
thick-walled and hardy oospore. Oospores germinate by means of a germ 
tube which produces a sporangium, although at times the germ tube 
grows directly into mycelium. 

Development of disease. The pathogen overwinters as mycelium in 
infected potato tubers. The mycelium spreads in the tissues of the potato 
tubers and it finally reaches a few of the shoots produced from infected 
tubers used as seed, volunteer plants that develop from diseased tubers 
left in the field or sprouts produced by infected potatoes in cull piles or 
dumps. The mycelium spreads up the stem most rapidly in the cortical 
region causing discoloration and collapse of the cells (Fig. 55 D). Later, the 
mycelium grows between the pith cells of the stem, but it is seldom 
found in the vascular system. The mycelium grows through the stem and 
travels up to the surface of the soil. When the mycelium reaches the 
aerial parts of plants, it produces sporangiophores which emerge through 
the stomata of the stems and leaves and project into the air (Fig. 56). The 
sporangia produced on the sporangiophores become detached and drift off 
when ripe or are dispersed by rain. When the sporangia land on wet potato 
leaves or stems, they germinate and cause new infections. The germ tube 
penetrates the leaf cuticle or enters through a stoma and produces 
mycelium which grows profusely between the cells and sends long, 
curled haustoria into the cells. The cells on which the mycelium feeds are 
killed and, as they begin to decay, the mycelium spreads peripherally into 
fresh tissue. A few days after infection new sporangiophores emerge from 
the stomata of the leaves and produce numerous sporangia which are 
spread by the wind and infect new plants. In favorable weather the period 
from infection to sporangia formation may be as short as 4 days and, 
therefore, a large number of asexual generations and new infections may 
be produced in one growing season. With the advance of the disease the 
established lesions increase in area and new ones develop resulting in 
premature killing of the foliage and proportional reduction in potato 
tuber yields. 

The second phase of the disease, the infection of tubers, begins in the 
field when, during wet weather, sporangia are washed down from the 
leaves and are carried into the soil. The tubers near the surface of the soil 
are attacked by the emerging zoospores, which germinate and penetrate 
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the tubers through lenticels or through wounds. In the tuber the 
mycelium grows mostly between the cells and sends its long, sicklelike 
haustoria into the cells. Tubers are rarely infected by mycelium growing 
down the stem of a diseased mother plant. If, however, at harvest, the 
tubers are contaminated with living sporangia still present on the soil or 
if the tubers are exposed while the fungus is still sporulating on partially 
diseased foliage, further infection will occur which may not be apparent 
at the time, but it will develop in storage. Most of the blighted tubers rot 
in the ground or during storage. 

The development of late blight epidemics depends greatly on the effect 
of humidity and temperature on the different stages of the life cycle of the 
fungus. The fungus sporulates most abundantly at relative humidity of, 
or near 100 percent and at temperatures between 16 and 22°C. Sporangia 
lose their viability in 3 to 6 hours at relative humidities below 80 percent. 
Germination of sporangia takes place only when free water or dew is 
present on the leaves and, at 10 to 15°C, it may be completed within 0.5 to 
2 hours. After germination a period of 2 to 2.5 hours at 15 to 25°C is 
required for penetration of the germ tubes into the host tissue. After 
penetration, the mycelium develops most rapidly at 17 to 21°C, which is 
also optimal for sporulation. Temperatures above 30°C check the growth 
of the fungus in the field but do not kill it, and the fungus can start to 
sporulate again when the temperature becomes favorable, provided of 
course that the relative humidity is sufficiently high. 

Control. Late blight of potatoes can be successfully controlled by a 
combination of sanitary measures, resistant varieties, and well-timed 
chemical sprays. Only disease-free potatoes should be used for seed. 
Potato dumps or cull piles should be burned before planting time in the 
spring or sprayed with strong herbicides to kill all sprouts or green 
growth. All volunteer potato plants in the area, whether in the potato or 
other fields should be destroyed, since any volunteer potato plant can be a 
source of late blight infection. 

Only the most resistant potato varieties available should be planted. 
The blight fungus has a number of races or strains differing from each 
other in the potato varieties that they can attack. Several potato varieties 
resist one or more races of the late blight fungus. Some of them have 
resistance to vine infection, but not to tuber infection. New varieties, 
derived from crosses with Solanum demissum, have withstood attack by 
all known races of the fungus for a while, but were finally attacked by 
other races not previously distinguished or perhaps not previously exis
tent. Many varieties possess so-called "field resistance/' which is only a 
partial resistance of varying degrees but which is effective against all 
races of the blight fungus. However, it is not sufficient to rely on varietal 
resistance to control late blight since, in favorable weather, blight can 
severely infect these varieties unless they are sprayed with a good protec
tive fungicide. Even resistant varieties should be regularly sprayed with 
fungicides to eliminate, as much as possible, the possibility of becoming 
suddenly attacked by races of the fungus to which they are not resistant 
or by entirely new races. 
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Chemical sprays with fungicides, if applied properly, generally will 
keep late blight under control. Spraying should start when potato plants 
are 15 to 30 cm high or at least 10 days before the date late blight usually 
appears in the area. Sprays should be applied once every 4 to 5 days when 
the weather is damp, misty, or rainy and when the nights are cool, and 
should continue until the foliage dies naturally or is killed artificially by 
"vine-killers." Proper timing and thorough coverage of old and new 
foliage are essential if plants are to be protected from the disease. Once 
late blight becomes established, it is extremely difficult to control unless 
the weather turns hot (35°C and above) and dry. Materials used for late 
blight control include several dithiocarbamates, such as mancozeb, cap-
tafol, chlorothalonil, polyram, and fentin hydroxide, and several copper 
materials, such as Kocide, copper oxychloride, and Bordeaux mixture. Pro
tective spraying of foliage usually effects a very considerable reduction in 
tuber infection. When, however, partially blighted leaves and stems are 
still surviving at harvest time, it is necessary to remove the aboveground 
parts of potato plants or destroy them by chemical sprays or mechanical 
means. Herbicides used for this purpose include copper sulfate, sodium 
and potassium arsenites, sulfuric acid, and certain dinitro compounds. 
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T H E D O W N Y M I L D E W S 

The downy mildews are primarily foliage blights that attack and spread 
rapidly in young, tender green tissues including leaves, twigs, and fruit. 
Their development and severity, in areas where susceptible hosts and the 
respective downy mildew fungus are present, depend greatly on the pres
ence of a film of water on the plant tissues and on high relative humidity 
in the air during cool or warm, but not hot, periods. The reproduction and 
spread of the downy mildew fungi are rapid and their diseases can cause 
heavy losses in short periods of time. 

Although even the late blight of potato and tomato looks like and is 
often called a downy mildew, the true downy mildews are caused by a 
group of Oomycetous fungi that belong to the family Peronosporaceae. 
All species of this family are obligate parasites of higher plants and cause 
downy mildew diseases on a large number of plants including most of the 
cultivated grain crops and vegetables, and many field crops, ornamentals, 
shrubs, and vines. 

The downy mildew fungi produce sporangia on sporangiophores that 
are distinct from the mycelium in their way of branching. The sporangia 
are located at the tips of the branches. Each genus of downy mildew fungi 
has its own distinctive type of branching of its sporangiophores and this is 
used for their identification. The sporangiophores are usually long, white 
at first, emerging in groups from the plant tissues through the stomata. 
Later on they appear grayish or light brown and form a visible mat of 
fungus growth on the lower or both sides of leaves and on other affected 
tissues. Each sporangiophore grows until it reaches maturity and then 
produces its crop of sporangia, all at about the same time. 

In most downy mildews, the sporangia germinate generally by produc
ing zoospores or, at higher temperatures, by producing germ tubes. In the 
genus Peronospora, however, the sporangia germinate only by means of a 
germ tube. Whenever sporangia germinate by producing a germ tube they 
are considered spores in themselves rather than sporangia and in that case 
they are often called conidia, which always germinate by germ tubes. 

The oospores of the downy mildews usually germinate by germ tubes, 
but in a few cases they may produce a sporangium which releases zoo
spores. 

Some of the most common or most serious downy mildew fungi and 
the diseases they cause are listed below. The structure of their sporan
giophores is given in Fig. 38. 

Bremia lactucae, causing downy mildew of lettuce. 
Peronospora, causing downy mildew of snapdragon [P. antirrhini), of onion (P. 
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destructor) (Fig. 57, C-D) , of soybeans [P. manchurica), mildew (blue mold) 
of tobacco [P. nicotianae) (Fig. 57 A-B) , mildew of crucifers [P. parasitica), 
of alfalfa and clover (P. trifoliorum). 

Plasmopara viticola, causing downy mildew of grape (Fig. 58, A - C ) 
Pseudoperonospora, causing downy mildew of cucurbits [P. cubensis) (Fig. 58, 

D-F) , of hops [P. humuli). 
Sclerospora, causing downy mildew of grasses and millets [S. graminicola), of 

cereals and grasses (S. macrospora), of corn (5. maydis), of rice and corn (S. 
oryzae), of corn, sorghum, and sugarcane (5. philippinensis), of sugarcane 
and corn (5. sacchari), of sorghum and corn [S. sorghi). 

• Downy Mildew of Grape 

Downy mildew of grape occurs in most parts of the world where grapes 
are grown under humid conditions. It is most destructive in Europe and in 
the eastern half of the United States, where it may cause severe epiphytot-
ics year after year, but it is also known to have caused serious losses in 
some years in northern Africa, in South Africa, in parts of Asia, Australia, 
and South America. Dry areas are usually free of the disease. 

Downy mildew affects the leaves, fruit, and vines of grape plants and 
causes losses through killing of leaf tissues and defoliation, through 
production of low quality, unsightly, or entirely destroyed grapes, and 
through weakening, dwarfing, and killing of young shoots. When weather 
is favorable and no protection against the disease is provided, downy 
mildew can easily destroy 50 to 75 percent of the crop in one season. 

Symptoms. The disease is usually first observed as small, pale yellow 
spots with indefinite borders on the upper surface of the leaves, while on 
the under surface of the leaves, and directly under the spots, a downy 
growth of the sporophores of the fungus appears (Fig. 58 A-C). Later, the 
infected leaf areas are killed and turn brown, while the sporophores of the 
fungus on the under surface of the leaves become dark gray. The necrotic 
lesions are irregular in outline, and as they enlarge they may coalesce to 
form large dead areas on the leaf, frequently resulting in defoliation. 

During blossom or early fruting stages, entire clusters or parts of them 
may be attacked, are quickly covered with the downy growth, and die. If 
infection takes place after the berries are half-grown, the fungus grows 
mostly internally, the berries become leathery and somewhat wrinkled 
and develop a reddish-marbling to brown coloration. 

Infection of green young shoots, tendrils, leaf stems, and fruit stalks 
results in stunting, distortion, and thickening (hypertrophy) of the tis
sues. Entire shoots may be covered with the downy growth of the fungus. 
Later the fungus growth breaks down and disappears, and the infected 
tissues turn brown and die. In late or localized infections the shoots may 
not be killed, but they show various degrees of distortion. 

The pathogen: Plasmopara viticola. The mycelium diameter varies 
from 1 to 60 jum because the hyphae take up the shape of the intercellular 
spaces of the infected tissues. The mycelium grows between the cells but 
sends numerous, globose haustoria into the cells (Fig. 59). In humid 
weather the mycelium produces sporangiophores which emerge on the 
under side of the leaves and on the stems through the stomata or rarely by 



228 



DISEASES CAUSED BY PHYCOMYCETES 229 

FIGURE 58. 
Symptoms of downy mildew of grape (A-C) caused by Plasmopara viticola. (A) 
Upper leaf side. (B) Lower side. (C) Young grape cluster. (D-F) Downy mildew of 
cucumber caused by Pseudoperonospora cubensis. (D, E) Early symptoms as they 
appear on upper and lower sides of leaves, respectively. (F) Advanced symptoms 
on cucumber leaf. 

pushing directly through the epidermis. In the young fruit, sporan-
giophores emerge through lenticels. Usually 4 to 6 sporangiophores arise 
through a single stoma, but sometimes there may be as many as 20. Each 
produces 4 to 6 branches at nearly right angles to the main stem of the 
sporangiophore, and each branch produces 2, sometimes 3, secondary 
branches in a similar manner. At the tips of the secondary branches, 
single, lemon-shaped sporangia (conidia) are produced. The sporangia are 
blown by the wind or are transported by water and in the presence of free 

FIGURE 57. 
(A) Downy mildew on the lower (left) and upper surface of tobacco leaves caused 
by Peronospora nicotianae. (B) Young tobacco plants (left) destroyed by downy 
mildew. (C) Onion plant affected with downy mildew caused by Peronospora 
destructor. (D) Downy mildew symptoms on onion leaves. 



FIGURE 59. 
Disease cycle of downy mildew of grapes caused by Plasmopara viticola. 
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moisture they germinate. Sporangia generally germinate by means of 
zoospores, which emerge from the sporangia, swim about for a few min
utes, encyst, and then produce a germ tube by which they can infect the 
plant. In rare instances sporangia may germinate by directly producing a 
germ tube. 

The fungus also produces oospores that germinate by producing a germ 
tube which terminates in a sporangium. The sporangium then germi
nates by means of zoospores, as described above. 

Development of disease. The pathogen overwinters as oospores em
bedded in the dead leaves, and occasionally, in dead berries and shoots 
(Fig. 59). In certain areas, the fungus may also overwinter as mycelium in 
infected, but not killed, twigs. The dead leaves containing the oospores 
disintegrate during the winter and liberate the oospores. During rainy 
periods in the spring the oospores germinate either on the ground or on 
parts of grape plants on which they are carried by wind or splashing rain 
drops. The produced sporangium or its zoospores are transported by wind 
or water to the wet leaves near the ground which they infect. Penetration 
takes place through stomata of the lower surface of the leaves. The 
mycelium then spreads into the intercellular spaces of the leaf, obtaining 
food through globose haustoria which it sends into the cells. The 
mycelium continues to spread into the tissues and when it reaches the 
substomatal cavity it forms a cushion of mycelium from which the 
sporangiophores arise and emerge through the stoma. On these primary 
lesions, great numbers of sporangia are produced which may be carried, by 
wind or rain, to nearby healthy plants, germinate quickly, and produce 
many zoospores. The zoospores then cause secondary infections through 
stomata or lenticels and thus rapidly spread the disease. The period from 
infection to new sporangia formation varies from 5 to 18 days, depending 
on temperature, humidity, and varietal susceptibility. 

In the stems the fungus invades the cortex, ray parenchyma, and pith. 
The distortion and hypertrophy of infected stems is caused by the en
largement of the affected cells and the large volume of mycelium present 
in the intercellular spaces. Finally the affected stem cells are killed and 
collapse, producing brown sunken areas in the stem. In the young berries, 
infection is also intercellular, the chlorophyll breaks down and disap
pears, the cells collapse and turn brown. 

At the end of the growing season the fungus forms oospores in the 
infected old leaves, and sometimes in the shoots and berries. 

Control. Several American grape varieties show considerable resis
tance to downy mildew, but most European varieties are very susceptible; 
even the relatively resistant varieties, however, require protection 
through chemicals. 

The most effective fungicides for control of downy mildew are Bor
deaux mixture, ferbam, folpet, and captan. The applications begin before 
bloom and are continued at 7- to 10-day intervals, although the time and 
number of applications vary with the local conditions, particularly the 
frequency and duration of rainfall during the growing season. 
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DISEASES CAUSED BY ZYGOMYCETES 

Two genera of Zygomycetes are known to cause disease in living plants or 
living plant tissue (Figs. 38 and 39). These are: (1) Choanephora, which 
attacks the withering floral parts of many plants after fertilization and 
from them invades the fruit and causes a soft rot of squash, pumpkin, 
pepper, okra, etc., but most severely of summer squash (Fig. 60C); and (2) 
Rhizopus, the common bread mold fungus, which in addition causes soft 
rot of many fleshy fruits, vegetables, flowers, bulbs, corms, seeds, etc. 
(Figs. 60A, B). Another genus, Mucor, also causes molding of bread and 
other processed plant products, and rarely a rot of sweet potatoes stored at 
low temperatures. Another genus, Endogone, is one of the fungi that 
become associated with roots of plants and form mycorrhizae that are 
beneficial to the plant. 

The plant-pathogenic Zygomycetes are weak parasites. They grow 
mostly as saprophytes on dead or processed plant products and, even 
when they infect living plant tissues, they first attack injured or dead 
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FIGURE 60. 
Rhizopus soft rot on sweet potato (A) and on squash (B). Choanephora soft rot of 
young summer squash in the field (C). Sporangiophores and sporangia growing on 
the surface of sweet potato and squash in the presence of high relative humidity. 
The maceration and softening of infected tissue can be seen in the longitudinal 
section of squash (C, upper). (Photo A courtesy U.S.D.A. Photo Β courtesy Dept. 
Plant Path., Cornell Univ.) 
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plant tissues. In the latter, the fungi build up large masses of mycelium. 
This secretes enzymes that diffuse into the living tissue, disrupt and kill 
the cells, and the mycelium then grows into the "living" tissue. 

The Zygomycetes have typical' elongated mycelium without cross 
walls. Their asexual spores are produced within sporangia, are nonmotile, 
and are called sporangiospores, or conidia. They are generally spread by 
air currents. Their sexual spores are produced through the fusion of two 
more or less similar-looking sex cells,- they are called zygospores. The 
zygospores are thick walled and can overwinter or withstand other ad
verse conditions. Under favorable moisture and temperature conditions 
the zygospores germinate by producing a sporangium containing sporan
giospores. 

• Rhizopus Soft Rot of Fruits and Vegetables 
The disease occurs throughout the world on harvested fleshy organs of 

vegetable, fruit, and flower crops, and is important only, during storage, 
transit, and marketing of these products. Among the crops affected most by 
this disease are sweet potatoes, strawberries, all cucurbits, peaches, cher
ries, peanuts, and several other fruits and vegetables. Corn and some other 
cereals are affected under fairly high conditions of moisture. Bulbs, corms, 
and rhizomes of flower crops, e.g., gladiolus and tulips, are also susceptible 
to this disease. 

When conditions are favorable, the disease spreads rapidly throughout 
the containers, and losses can be very great in a short period of time, (see 
Fig. 116A, page 365). 

Symptoms. Infected areas of fleshy organs appear water soaked at first, 
and they are very soft. If the skin of the infected tissues remains intact, 
the softened fleshy organ gradually loses moisture until it shrivels into a 
mummy. More frequently, however, the softened skin ruptures during 
handling or under pressure, e.g., from surrounding fruits, and a whitish-
yellow liquid drops out. Soon fungus hyphae grow outward through the 
wounds and cover the affected portions by producing tufts of whiskerlike 
gray sporangiophores bearing black sporangia at their tips (Fig. 60). The 
bushy growth of the fungus extends to the surface of the healthy portions 
of affected fruit when they become wet with the exuding liquid and even 
to the surface of the containers. Affected tissues at first give off a mildly 
pleasant smell, but soon yeasts and bacteria move in and sour odor 
develops. When loss of moisture is rapid, infected organs finally dry up 
and mummify; otherwise they break down and disintegrate in a watery 
rot. 

The pathogen: Rhizopus sp. It is found almost everywhere in nature. 
It lives usually as a saprophyte and sometimes as a weak parasite on 
stored organs of plants. The mycelium of the fungus has no cross walls 
and produces long, aerial sporangiophores at the tips of which black 
spherical sporangia develop (Figs. 60 and 61). These consist of a thin 
membrane containing thousands of small spherical sporangiospores. 
When the membrane of the sporangium is ruptured, the liberated sporan
giospores are released and float about in the air or drop to the surface. If 
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FIGURE 61. 
Disease cycle of soft rot of fruits and vegetables caused by Rhizopus sp. 

they fall on a moist surface or wound of a susceptible plant organ, the 
sporangiospores germinate and produce mycelium again. When the 
mycelium grows on a surface, it produces stolons, i.e., hyphae which arch 
over the surface, and at the next point of contact with the surface produce 
both rootlike hyphae, called rhizoids, which grow toward the surface, and 
more aerial sporangiophores bearing sporangia. From each point of con
tact more stolons are produced in all directions. Adjacent hyphae produce 
short branches called progametangia, which grow toward each other. 
When they come in contact, the tip of each hyphae is separated from the 
progametangium by a cross wall. The terminal cells are the gametangia. 
These fuse, their protoplasts mix, and their nuclei pair. The cell formed 
by the fusion enlarges and develops a thick, black and warty cell wall. 
This sexually produced spore is called a zygospore and is the overwinter
ing or resting stage of the fungus. When it germinates it produces a 
sporangiophore bearing a sporangium full of sporangiospores. 

Development of disease. Throughout the year, sporangiospores float 
about and if they land on wounds of fleshy fruits, roots, corms, bulbs, etc., 
they germinate (Fig. 61). The hyphae thus produced secrete pectinolytic 
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enzymes which break down and dissolve the pectic substances of the 
middle lamella, i.e., the substances that hold the cells in place in the 
tissues. This results in loss of cohesion among the cells, since they are 
now surrounded by liquefied substance, and upon pressure they move 
freely among each other, resulting in "soft rot." 

The pectinolytic enzymes secreted by the fungus advance ahead of the 
mycelium and separate the cells before the mycelium gets there. Cells in 
the macerated tissues are then attacked by the cellulolytic enzymes of 
the fungus, which break down the cellulose of the cell wall, and the cells 
disintegrate. The mycelium grows intercellularly and does not seem to 
invade cells until after they are killed and have begun to disintegrate. 
Thus the mycelium seems never to be in contact with living host cells, 
but is instead surrounded by dead cells and nonliving organic substances, 
living more like a saprophyte than a parasite. 

The epidermis of infected organs is not usually broken down by the 
fungus, which continues to grow inside the tissues. The epidermis, how
ever, is softened greatly and breaks easily with the slightest pressure 
during handling of the product or by the weight of the fruits above it. The 
fungus then emerges through wounds already existing on the fruit or 
through subsequent ruptures of the epidermis and produces aerial sporan-
giophores, sporangia, stolons, and rhizoids, the latter being capable of 
piercing the softened epidermis. In extremely fleshy fruits, such as 
peaches and strawberries, the mycelium arising from an infected fruit or 
from a sporangiospore can penetrate healthy fruit in contact with the 
infected fruit in the absence of visible wounds. In some cases the epider
mis of such fruits has already been softened by the fungal enzymes 
present in the liquid exuding from the infected fruit, but this is not always 
necessary. 

Sporangiospores are produced on infected tissue within a few days and 
can cause new infections immediately after they are released. Zygo
spores, however, are produced later, when the food supply in the infected 
tissues begins to diminish and, with heterothallic species, only when a 
compatible strain is also present. Since zygospores germinate after a rest 
period, most infections in storage are caused by asexual sporangiospores 
and, within a package of fruit, most infections occur from the hyphae 
growing from the surface of the previously rotted fruit rather than from 
spores. 

The initiation of infection and the invasion of the tissues by the fungus 
are influenced greatly by temperature and humidity and by the stage of 
ripeness of the tissue. Unfavorable combinations of temperature and 
humidity or insufficient maturity of the fruit slow down the growth and 
activity of the fungus, and they may allow the host to form layers of cork 
cells and other histological barriers which retard or completely inhibit 
further infections by the fungus. 

Control. Since the spores of the fungus are present everywhere, 
wounds of any size can be points of infection. Wounding of fleshy fruits, 
roots, tubers, bulbs, etc. should, therefore, be avoided as much as possi
ble during harvest, handling, and transportation of these products. 
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Wounded organs should be discarded or packed and stored separately 
from healthy ones. 

Storage containers and warehouses should be cleaned before use and 
should be disinfected with a copper sulfate solution, formaldehyde, sulfur 
fumes, or chloropicrin. 

Temperature control of storage rooms and shipping cars is important. 
With very succulent fruits, such as strawberries, picking of fruit in the 
morning when it is cool and keeping it at temperatures below 10°C 
reduces losses considerably. Sweet potatoes and some other not so succu
lent organs may be protected from the disease by keeping them at 25 to 
30°C and 90 percent humidity for 10 to 14 days, during which the cut 
surfaces cork over and do not allow subsequent penetration by the fungus. 
After this period is over, temperature is lowered again to about 12°C. 

Quite effective control of the disease can be obtained by wrapping 
susceptible fruit, etc. in paper impregnated with various fungicidal sub
stances such as dichloran. 

SELECTED REFERENCES 
Adams, J. F., and A. M. Russell. 1920. Rhizopus infection of corn on the ger-

minator. Phytopathology 10: 5 3 5 - 5 4 3 . 
Anderson, H. W. 1925. Rhizopus rot of peaches. Phytopathology 15: 1 2 2 - 1 2 4 . 
Beraha, L., G. B. Ramsey, M. A. Smith, and W. R. Wright. 1959. Effects of 

gamma radiation on brown rot and Rhizopus rot of peaches and the causal 
organisms. Phytopathology 49 : 3 5 4 - 3 5 6 . 

Luepschen, N. S. 1964. Effectiveness of 2,6-dichloro-4-nitroaniline-impregnated 
peach wraps in reducing Rhizopus decay losses. Phytopathology 54: 1 2 1 9 -
1222. 

Mirocha, C. J., and Ε. E. Wilson. 1961. Hull rot disease of almonds. Phytopathol
ogy 51 : 8 4 3 - 8 4 7 . 

Spaulding, D. H. 1963. Production of pectinolytic and cellulolytic enzymes by 
Rhizopus stolonifer. Phytopathology 53 : 9 2 9 - 9 3 1 . 

Srivastava, D. N., and J. C. Walker. 1959. Mechanisms of infection of sweet potato 
roots by Rhizopus stolonifer. Phytopathology 4 9 : 4 0 0 - 4 0 6 . 

Stevens, Ν. E., and R. B. Wilcox. 1917. Rhizopus rot of strawberries in transit. 
U.S. Dept. Agr. Bull. 5 3 1 : 22 p. 

DISEASES CAUSED 
BY ASCOMYCETES AND 

IMPERFECT FUNGI 

Ascomycetes and Imperfect Fungi are two groups of fungi that closely 
resemble each other in the structure of the mycelium, the production of 
asexual spores, and in the kinds of diseases they cause in plants, as well as 
in the way they induce these diseases. Thus, both produce a haploid 
mycelium that has cross walls, both produce conidia in identical types of 
conidiophores or fruiting bodies, and both cause plant diseases that may 
appear as leaf spots, blights, cankers, fruit spots, fruit rots, anthracnoses, 
stem rots, root rots, vascular wilts, or soft rots. 
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The only difference between Ascomycetes and Imperfect Fungi is that 
the former also produce, regularly or rarely, sexual spores, i.e., ascospores. 
However, in many Ascomycetes, ascospores are seldom found in nature 
and seem to play little or no role in the survival of the fungus and in its 
ability to cause disease in plants. Thus, such Ascomycetes reproduce, 
spread, cause disease, and overwinter as mycelium and/or conidia, so that 
they actually behave, and for all practical purposes could be considered, 
as Imperfect Fungi. On the other hand, for many fungi that were earlier 
classified as Imperfect Fungi, fruiting bodies containing sexual spores 
were later shown to be produced by them and since the sexual spores 
were almost always ascospores, these Imperfect Fungi were then re
classified as Ascomycetes. It would appear, therefore, that Imperfect 
Fungi are really Ascomycetes that have lost the need for or the ability to 
produce their sexual stage. Actually, many of the Ascomycetes, because 
their asexual, imperfect stages are the most common or the only ones 
found on diseased plants during the growing season, and even during the 
winter, are usually referred to and are best known by the name of their 
asexual stage which is generally completely different from the name of 
the sexual, ascigerous stage. Although usually all species within a genus 
of an Ascomycete produce the same type of conidia belonging to one 
genus of an Imperfect Fungus, and various species within a genus of an 
Imperfect Fungus belong to one genus of an Ascomycete, this is not 
always so. In many instances, different species within a genus of an 
Ascomycete have asexual stages that belong to species in other genera of 
Imperfect Fungi, and vice versa. 

Ascomycetes (= the sac fungi) produce mycelium that has cross walls, 
sexual spores (ascospores) within a sac (ascus), and asexual spores (con
idia). The ascus or sexual stage of Ascomycetes is often called the perfect 
stage, while the conidial or asexual stage is the imperfect stage. In almost 
all plant pathogenic Ascomycetes during the growing season, the fungus 
exists as mycelium and reproduces and causes most infections with its 
asexual, i.e., conidial stage. The sexual or perfect stage is produced on or 
in infected leaves, fruits, or stems only at the end of the growing season or 
when the food supply is diminishing. The perfect stage is usually the 
overwintering stage although in many cases the asci and ascospores do 
not form and mature until late winter or early spring. In many cases, 
however, the fungus can overwinter as mycelium and, occasionally, as 
conidia. 

The asci of the Hemiascomycetes. (i.e., the yeasts and leaf curl fungi), 
arise either directly from zygotes derived from the copulation of two cells 
or from dikaryotic ascogenous cells formed parthenogenetically. Their 
ascospores usually multiply by budding. The ascus in the rest of the 
Ascomycetes, i.e., the Euascomycetes, is generally formed as a result of 
fertilization of the female sex cell, called an ascogonium, by either an 
antheridium or a minute male sex spore called a spermatium. In either 
case, the fertilized ascogonium produces one to many ascogenous hyphae 
the cells of which are dikaryotic, i.e., contain two nuclei, one male and 
one female. By a rather complicated process (Fig. 62), the cell at the tip of 
each ascogenous hypha develops into an ascus, in which the two nuclei 
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FIGURE 62. 
General scheme of sexual reproduction, ascus development, and types of 
ascocarps in the Ascomycetes: An.—antheridium; Asc.—ascogonium,-
Τ—trichogyne; Asc. H.—ascogenous hyphae; Cr.—crozier. 

fuse to produce a zygote which then undergoes meiosis to produce 4 
haploid nuclei. The cell, in which these nuclei are, elongates and all 4 
nuclei undergo mitosis and produce 8 haploid nuclei. Each nucleus is 
then surrounded by a portion of the cytoplasm and is enveloped by a wall 
thus becoming a spore inside an ascus, i.e., an ascospore. There are 
usually 8 ascospores per ascus (Fig. 62). 

The asci in some Ascomycetes, e.g., in the yeasts and leaf curl fungi, 
are naked, i.e., they are not produced inside fruiting bodies (Fig. 62), but in 
all other Ascomycetes the asci are produced, singly or in groups, in 
fruiting bodies called ascocarps. In some, e.g., the powdery mildews, of 
the Pyrenomycetes (Perithecial Ascomycetes), the ascocarp is a com
pletely closed spherical container and is called a cleistothecium. In 
others, e.g., most of the Pyrenomycetes, the ascocarp is more or less 
closed but at maturity it has an opening through which the ascospores 
escape and such ascocarp is called a perithecium. In the 
Pseudosphaeromycetes (Ascostromatic Ascomycetes), the asci are formed 
directly in cavities within a stroma (= matrix) of mycelium and this 
ascocarp is called a perithecium or an dscostroma. Finally, in the Dis-
comycetes (Cup Ascomycetes), the asci are produced in an open, cup- or 
saucer-shaped ascocarp called an apothecium (Fig. 62). 

Ascomycetes are characterized and identified by the characteristics of 
their ascocarps, asci, and ascospores (Fig. 63). However, during the grow
ing season and most of the year, these structures are not produced and 
cannot be found on diseased plant tissue. What one finds on diseased 
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FIGURE 63. 
Morphology of fruiting bodies, asci, and ascospores of the main groups and genera 
of phytopathogenic Ascomycetes. 

plants during the growing season are mycelium and asexual spores, i.e., 
conidia. The conidia themselves often have distinct characteristics which 
may be sufficient to identify the fungus. 

In the Imperfect Fungi and in those of the Ascomycetes that exist 
primarily as their imperfect stage, the conidial characteristics plus the 
shape of the conidiophore, i.e., the hypha that produces the conidium, the 
arrangement of the conidiophores, and the way the conidia are borne on 
the conidiophore may have to be determined so that the fungus can be 
identified (Fig. 64). In many cases, the conidia are borne singly or in 
chains at the tips of conidiophores arising from the mycelium, free from 
each other. These fungi belong to the order Moniliales of the Imperfect 
Fungi (Figs. 64 and 65). In the same order, Moniliales, belong the fungi 
whose conidiophores are produced on a cushion-shaped stroma of 
mycelium and the whole structure is called a sporodochium, or whose 
conidiophores are cemented together into an elongated spore-bearing 
structure called synnema. In many other cases, conidiophores may be 
organized into definite fruiting bodies. The most common fruiting body 
that contains conidiophores and conidia is the pycnidium, and fungi that 
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FIGURE 63 (continued). 

produce pycnidium belong to the other Sphaeropsidales of the Imperfect 
Fungi (Figs. 64 and 67). Pycnidium is a hollow, more or less spherical or 
flask-shaped structure, its walls made of mycelial cells that give rise to 
the conidiophores. Pycnidia may be almost on the surface of the diseased 
plant or may be more or less embedded in the diseased tissues. Another 
type of asexual fruiting body, produced by fungi belonging to the order 
Melanconiales of the Imperfect Fungi, is the acervulus; this is formed 
by a mat of hyphae below the epidermis or cuticle of the diseased plant 
giving rise to short conidiophores packed closely together and producing 
conidia at their tips (Fig. 64 and 66). 

As a rule, Ascomycetes overwinter as an ascospore in an ascus. In the 
spring the ascus releases the ascospores which germinate by one or more 
germ tubes and cause the primary, i.e., the first infection, of the host 
plant. The germ tubes grow into hyphae and mycelium that have cross 
walls. The mycelium soon forms conidiophores that produce conidia. 
The conidia, produced continually by the mycelium as long as conditions 
are favorable, spread to other plants, germinate by one or more germ tubes 
and cause new, secondary infections, which will again produce identical 
mycelium, conidiophores and conidia. Thus, a large number of asexual 
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FIGURE 64. 
Types of conidia, conidiophores, and fruiting bodies produced by Ascomycetes 
and Imperfect Fungi and belonging to the three orders of Imperfect Fungi. 

generations are produced during the growing season. When conditions 
become unfavorable, the same mycelium produces the sexual cells that 
result in the overwintering structure and production of the ascus and 
ascospores the following spring. 

Some Ascomycetes and all Imperfect Fungi overwinter as mycelium or 
conidia. These then, with or without the presence of ascospores, may 
start the primary infections. Following infection they proceed to produce 
mycelium, conidiophores and conidia which then cause the repeated 
generations of secondary infections. 

Many Ascomycetes and Imperfect Fungi cause a variety of diseases in 
all types of plants (Fig. 6 8 ) . The most important plant pathogenic As
comycetes and Imperfect Fungi are briefly discussed below, grouped ac
cording to the general symptoms they cause on their hosts. 
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FIGURE 65. 
Grouping and morphology of conidiophores and conidia produced by the main 
genera of phytopathogenic Moniliales of the Imperfect Fungi. 
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FIGURE 66. 

Morphology of acervuli and conidia produced by the main genera of 
Melanconiales of the Imperfect Fungi. 

SOOTY MOLDS 

Sooty molds appear on the leaves or stems of plants as a superficial, black 
growth of mycelium forming a film or crust on these plant parts. Sooty 
molds may be found on all types of plants, including grasses, ornamen
tals, crop plants, shrubs, and trees. They are most common in warm, 
humid weather., 

Sooty molds are caused by several species of fungi of various types, but 
primarily dark-colored Ascomycetes of the order Dothideales. These 
fungi, e.g., Capnodia (Fumago), Limacinia, are not parasitic but live off 
the "honey dew/' the sugary deposit forming on plant parts from the 
droppings of certain insects, particularly aphids and scale insects. The 
fungal growth is so abundant that it gives the leaf the black, sooty 
appearance and interferes with the amount of light that reaches the plant. 
This mycelium sometimes forms a black papery layer that can be peeled 
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FIGURE 67. 
Morphology of pycnidia and conidia of the main genera of Sphaeropsidales of the 
Imperfect Fungi. 

off from the underlying leaf (Fig. 69). The presence of the sooty mold fungi 
is usually of rather minor importance to the health of the plant but it does 
indicate the presence of insects and may be a warning of a severe aphid or 
scale problem. 

Sooty molds can be diagnosed easily by the fact that the black sooty 
mycelial growth can be completely wiped off a leaf or stem with a 
moistened cloth, paper, or hand, leaving a clean, healthy-looking plant 
surface underneath. 

No control measures are applied against the sooty mold fungi. Since 
they grow on the excretions of the insects, control of the particular insect 
involved with the appropriate insecticide or other means also results in 
the elimination of the sooty mold fungi. 
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FIGURE 68. 
Common symptoms caused by some important Ascomycetes and Imperfect Fungi. 
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FIGURE 69. 
Sooty mold on orange leaves. The fungus forms a leathery mat that can be peeled 
off or washed off. (Photo courtesy Agric. Res. Educ. Center, Lake Alfred, Fla.) 
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LEAF CURL DISEASES CAUSED BY TAPHRINA 

Several species of Taphrina cause leaf, flower, and fruit deformations on 
several stone fruit and forest trees. Thus T. deformans causes peach leaf 
curl, T. communis and T. pruni cause plum pocket on American and 
European plums, respectively, T. cerasi causes leaf curl and witches'-
broom on cherries, and T. coerulescens causes leaf blister of oak. Leaf 
blister of oak causes local swollen areas on leaves that sometimes result 
in moderate to heavy (50 to 8 5 percent) defoliation by midsummer and 
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weakening of the trees. The most important losses, however, are those 
caused primarily on peach and sometimes plum. 

The Taphrina diseases are best known in Europe and North America 
but probably occur all over the world. Taphrina causes defoliation of 
peach trees which may lead to small fruit or fruit drop. In plum, 50 
percent or more of the fruit may be affected and lost in years when the 
disease is severe. In both peach and plum, buds and twigs may also be 
affected, thus devitalizing the tree. 

Symptoms. In peach, parts of or entire infected leaves are thickened, 
swollen, distorted and curled downward and inward (Fig. 70). Affected 
leaves at first appear reddish or purplish but later turn reddish yellow or 
yellowish gray. At this stage the fungus produces its spores on the swol
len areas which appear powdery gray. The leaves later turn yellow to 
brown and drop. Blossoms, young fruit, and current year's twigs may also 
be attacked. Infected blossoms and fruit generally fall early in the season. 
The infected twigs are always stunted but show swelling only in severe 
infections. 

In plum, the disease first appears as small white blisters on the fruit. 
The blisters enlarge rapidly as the fruit develops and soon involve the 
entire fruit. The fruit increases abnormally in size and is distorted, the 
flesh becoming spongy. The seed ceases to develop, turns brown, and 
withers, leaving a hollow cavity. The fruit appears reddish at first, but 
later becomes gray and covered with a grayish powder. Leaves and twigs 
may also be affected, as in peach. 

The pathogen: Taphrina sp. The mycelial cells of Taphrina contain 
two nuclei. These cells may develop into an ascus usually containing 8 
uninucleate ascospores. The ascospores multiply by budding inside or 
outside the ascus producing blastospores (= conidia). The latter may bud 
again to produce more thin- or thick-walled conidia or may germinate to 
produce mycelium. Upon germination, the conidial nucleus divides and 
the two nuclei move into the germ tube. As the mycelium grows, both 
nuclei divide concurrently, producing the binucleate cells of the 

FIGURE 70. 
(A) Peach leaf curl caused by Taphrina deformans. (B) Oak leaf blister caused by T. 
coerulescens. 
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mycelium. Mycelial cells near the plant surface separate from each other 
and produce the asci. 

Development of disease. The fungus apparently overwinters as as-
cospores or thick-walled conidia on the tree, perhaps in the bud scales. In 
the spring, these spores are blown to young tissues, germinate and pene
trate the developing leaves and other organs directly through the cuticle 
or through stomata (Fig. 71). The binucleate mycelium then grows be
tween cells and invades the tissues extensively inducing excessive cell 
enlargement and cell division, which result in the enlargement and dis
tortion of the plant organs. Later, numerous hyphae grow outward in the 
area between the cuticle and epidermis. There they break into their 
component cells which produce the asci. The asci enlarge, exert pressure 
on the host cuticle from below and eventually break through to form a 
compact, feltlike layer of naked asci. The ascospores are released into the 
air, carried to new tissues, and bud to form conidia. Infection occurs 
mainly during a short period after the buds open. All organs become 

Budding conidiu m Conidiu m Buddin g ascospor e 

FIGURE 71. 
Disease cycle of diseases caused by Taphrina sp. 
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resistant to infection as they grow older. Infection is favored by low 
temperature and a high humidity at the time the tissues are susceptible. 

Control. Taphrina diseases are easily controlled by a single fungicide 
spray preferably in late fall after the leaves have fallen or in early spring 
before leaf buds swell. The fungicides most commonly used are ferbam, 
elgetol, and Bordeaux mixture (8:8:100). Difolatan may also be used as 
one application only, before leaf drop is complete. 
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THE POWDERY MILDEWS 
Powdery mildews are probably the most common, conspicuous, wide
spread, and easily recognizable plant diseases. They affect all kinds of 
plants: cereals and grasses, vegetables, ornamentals, weeds, shrubs, fruit 
trees, and broad-leaved shade and forest trees. 

Powdery mildews are characterized by the appearance of spots or 
patches of a white to grayish, powdery, mildewy growth on young plant 
tissues, or of entire leaves and other organs being completely covered by 
the white powdery mildew. Tiny, pinhead-sized, spherical fruiting 
bodies, at first white, later yellow-brown, and finally black cleistothecia 
may be present singly or in groups on the white to grayish mildew in the 
older areas of infection. Powdery mildew is most commonly observed on 
the upper side of the leaves but it also affects the under side of leaves, 
young shoots and stems, buds, flowers, and young fruit. 

The fungi causing powdery mildews are obligate parasites—they can
not be cultured on artificial nutrient media. They produce mycelium that 
grows only on the surface of plant tissues, never invading the tissues 
themselves. They obtain nutrients from the plant by sending haustoria, 
i.e., feeding organs, into the epidermal cells of the plant organs. The 
mycelium produces short conidiophores on the plant surface. Each con
idiophore produces chains of rectangular, ovoid, or round conidia that are 
carried by air currents. When environmental conditions or nutrition 
become unfavorable, the fungus may produce one or a few asci inside a 
closed ascocarp, the cleistothecium. The powdery mildew fungi, al
though they are common and cause serious diseases in cool or warm, 
humid areas, are even more common and severe in warm, dry climates. 
This happens because their spores can be released, germinate, and cause 
infection even when only the relative humidity in the air is fairly high 
without need for the presence of a film of water on the plant surface. Also 



DISEASES CAUSED BY ASCOMYCETES AND IMPERFECTS 

because, once infection has begun, the mycelium continues to spread on 
the plant surface regardless of the moisture conditions in the atmosphere. 

The powdery mildew diseases of the various crop or other plants are 
caused by many species of fungi of the family Erysiphaceae grouped into 
six main genera. These genera are distinguished from each other by the 
number (one versus several) of asci per cleistothecium and by the mor
phology of hyphal appendages growing out of the wall of the cleis
tothecium. The main genera are illustrated in Fig. 63, and the most 
important diseases they cause are listed below. 

Erysiphe dehoracearum, causes powdery mildew of begonia, chrysanthemum, 
cosmos, cucurbits, dahlia, flax, lettuce, phlox, zinnia. 

E. graminis, causes powdery mildew of cereals and grasses (Fig. 72G). 
E. polygoni, causes powdery mildew of beans, soybeans, clovers and other 

legumes, beets, cabbage and other crucifers, cucumber and cantaloupe, 
delphinium, hydrangea. 

Microsphaera aini, causes powdery mildew of blueberries, catalpa, elm, lilac, 
linden, oak, rhododendron, and sweet pea. 

Phyllactinia sp., causes powdery mildew of catalpa, elm, maple, oak. 
Podosphaera leucotricha, causes powdery mildew of apple (Fig. 72F), pear and 

quince. 
P. oxyacanthae, causes powdery mildew of apricot, cherry, peach and 
plum. 

Sphaerotheca macularis, causes powdery mildew of strawberry. 
5. mors-uvae, causes powdery mildew of gooseberry and current. 
5. pannosa, causes powdery mildew of peach and rose (Fig. 72, A - C ) . 

Uncinula necator, causes powdery mildew of grape, horsechestnut, linden (Fig. 
72, D, E). 
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• Powdery Mildew of Rose and Peach 

Powdery mildew of roses occurs everywhere in the world where roses are 
grown. The disease is less common on peaches although it has been 
found to affect peaches in the U.S., Europe, and Africa. 

Powdery mildew is one of the most important diseases of roses, both in 
the garden and in the greenhouse. The disease appears on roses year after 
year and causes reduced flower production and weakening of the plants 
by attacking the buds, young leaves, and growing tips of the plants. 

Powdery mildew is usually less severe 'on peach, but when weather 
conditions are favorable for infection, peach seedlings are stunted, fruit 
production is reduced, and the quality of infected fruit is very poor. 

Symptoms. On the young leaves the disease appears at first as 
slightly raised blisterlike areas that soon become covered with a grayish 
white, powdery fungus growth, and as the leaves expand they become 
curled and distorted (Fig. 72). On the older leaves, large white patches of 
fungus growth appear, but there is usually little distortion. Lesions on 
leaves may appear more or less discolored and may eventually become 
necrotic. 

White patches of fungus growth, similar to those on the leaves, usually 
appear on young, green shoots, and they may coalesce and cover the 
entire terminal portions of the growing shoots, which may become 
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FIGURE 72. 
Powdery mildew on rose leaves (A) and petals (B), and on peach fruit (C) caused by 
Sphaerotheca pannosa. (D, E) Mycelium, conidia and dark cleistothecia on grape 
leaves (D) and fruit cluster (E) caused by the powdery mildew fungus Uncinula 
necator. (F) Powdery mildew on apple twigs caused by Podosphaera leucotricha. 
(G) Powdery mildew on wheat leaves caused by Erysiphe graminis. The dark dots 
are cleistothecia. (Photos D, Ε courtesy Shade Tree Lab, Univ. of Mass. Photo G 
courtesy U.S.D.A.) 
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arched or curved at their tip. Sometimes buds may be attacked and 
become covered with white mildew before they open, and they either fail to 
open or open improperly, the infection spreading to the flower parts, which 
become discolored, dwarfed, and eventually dried. 

When peach fruit becomes infected, white circular spots appear which 
may spread over a large portion or the whole surface of the fruit. The fruit 
color becomes pinkish at first and later turns to a dark brown, while the 
fruit surface becomes leathery and hard and sometimes it appears swollen 
or cracked. 

The pathogen: Sphaerotheca pannosa. The pathogen that causes 
powdery mildew on roses seems to be a distinct variety of S. pannosa, 
since it has been shown in some cases that the fungus from roses does not 
attack peaches, and vice versa. The life history and the behavior of the 
fungus, however, are the same in both cases, and therefore they will be 
described as one. 

The mycelium is white and grows on the surface of the plant tissues, 
sending globose haustoria into the epidermal cells of the plant (Fig. 73) . 

FIGURE 73. 
Disease cycle of powdery mildew of roses and peach caused by Sphaerotheca 
pannosa. 
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The mycelium forms a weft of hyphae on the surface, some of which 
develop into short, erect, conidiophores. At the tip of each conidiophore 
egg-shaped conidia are produced which cling together in chains. 

With the coming of cool weather late in the season, conidia production 
ceases and cleistothecia may be formed. The young cleistothecia are 
globose and at first white, then brown, and finally black when mature. 
The mature cleistothecia also have several mycelioid appendages, which 
are flaccid, indefinite hyphae arising from cells of the cleistothecium. 
The cleistothecia are more or less buried in the mycelial wefts on the 
plant tissues. The ascospores continue to develop during the fall, and in 
the spring they are mature and ready for dissemination. In the spring the 
cleistothecia absorb water and crack open. The single ascus in each 
cleistothecium protrudes its tip, bursts open and discharges its 8 mature 
ascospores, which the wind carries away. The ascospores are about the 
size of conidia and behave exactly like conidia with respect to germina
tion, infection, and formation of subsequent structures. 

Development of disease. On peaches and outdoor roses the fungus 
apparently overwinters mostly as mycelium in the buds, although on 
outdoor roses cleistothecia form occasionally on leaves, petals, and 
stems, especially around the thorns, toward the end of the season. Cleis
tothecia are much more rare on peach. On greenhouse roses the pathogen 
overwinters almost exclusively as mycelium and conidia. 

When the fungus overwinters as mycelium in dormant buds, shoots 
arising from such buds become infected and provide inoculum for sub
sequent secondary mycelial or spore infection and disease development 
on foliage and fruit. When the fungus overwinters as cleistothecia the 
discharged mature ascospores also serve as primary inoculum (Fig. 73) . 
Ascospores or conidia are carried by wind to young green tissues, and if 
temperature and relative humidity are sufficiently high the spores germi
nate by putting out a germ tube. The germ tube quickly produces a short, 
fine hypha growing directly through the cuticle and the epidermal cell 
wall into the epidermal cells. The penetrating hypha enlarges im
mediately upon entrance into the cell lumen and forms a globose haus-
torium by which the fungus obtains its nutrients. The germ, tube con
tinues to grow and branch on the surface of the plant tissue producing a 
network of superficial mycelium. As the mycelium spreads on the plant, 
it continues to send haustoria into the epidermal cells. The absorption of 
nutrients from the cells depletes their food supply, weakens them, and 
may sometimes lead to their death. Photosynthesis in the affected areas is 
greatly reduced and the other functions of the cells are also impaired. 
Infection of young leaves also causes irritation and uneven growth of the 
affected and the surrounding cells resulting in slight raised areas on the 
leaf and distortion of the leaf. The aerial mycelium produces short, erect 
conidiophores each bearing a chain of 5 to 10 conidia. The conidia are 
disseminated by air currents and cause new infections on the expanding 
leaves, shoots, and on peach, on the fruit. Greenhouse roses are suscepti
ble throughout the year. In the field, however, expanding tissues seem to 
be the most susceptible ones and only under very favorable humidity and 
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temperature do fully developed tissues become infected. Growth of se
verely infected shoots is inhibited. Infected buds often do not open. If 
they do open, the flowers become infected and do not develop. Peach 
fruits are susceptible from the time of their formation until they are 
approximately 2.5 to 3.0 cm in diameter, beyond which they become 
resistant to powdery mildew. Once fruit infections are established, how
ever, the lesions continue to enlarge for several weeks after the fruit 
becomes resistant to new infections. Infected fruits are smaller and un
sightly and must be sold at a much lower price. 

Control. Powdery mildew can be controlled by application of sulfur, 
dinocap, benomyl, or certain other fungicides. Sulfur may be used as a 
spray, as a dust and, in the greenhouse, as a vapor also. Dinocap, benomyl, 
and cycloheximide are used as sprays. Under most conditions weekly 
applications give adequate protection, but during rapid development of 
new growth, temperature fluctuations and frequent rains, more frequent 
applications may be necessary. 
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FOLIAR DISEASES 
CAUSED BY ASCOMYCETES AND 
IMPERFECT FUNGI 

Many species of Ascomycetes and of Imperfect Fungi cause primarily 
foliage diseases but some may also affect blossoms, young stems, and 
fruit and even roots. 

Most of the foliar Ascomycetes reproduce by means of conidia formed 
on free hyphae or in pycnidia but a few produce conidia in sporodochia, or 
in acervuli. In many the conidia overwinter; others reproduce by means 
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of conidia during the growing season and by their perfect ascigerous stage 
at the end of the season and over winter; some produce their ascocarps 
and ascospores, along with conidia, throughout the growing season. The 
primary inoculum of these fungi, therefore, may be either ascospores or 
conidia and usually originates from infected fallen or hanging leaves of 
the previous year. 

Some of the most common Ascomycetes causing primarily foliar dis
eases are the following: 

Coccomyces sp., causing leaf spot or shot-hole of cherries and plums. 
Dothidella ulei, causing South American leaf blight of rubber. 
Elytroderma deformans, causing a leaf spot and witches'-broom of pines. 
Lophodermium pinastri, causing needle blight of pines. 
Guignardia, causing leaf spot and black rot of grape, G. bidwellii, leaf blotch of 

horsechestnut (G. aesculi), and leaf spots on Boston ivy and Virginia creeper. 
Mycosphaerella, causing the extremely destructive Sigatoka disease of banana 

[M. musicola), leaf spots of strawberry (M. fragariae), of pear (M. sentina), 
leaf spot and black rot of cucurbits (M. melonis), citrus greasy spot [M. citri), 
and other diseases. 

Pseudopeziza, causing the common leaf spot of alfalfa (Fig. 74 A) and clovers 
and the yellow leaf blotch of alfalfa. 

Rhabdocline pseudotsugae, causing needle cast of Douglas fir. 
Rhytisma, causing tar spot of maple and willow. 
Scirrhia, causing brown spot needle blight of pine [S. acicola, the conidial stage 

of which is Lecanosticta or Septoria), and Dothistroma needle blight of pine 
[S. pini, the conidial stage of which is Dothistroma pini). 

Some of the most common Imperfect Fungi causing primarily foliar, 
but also other, symptoms on a large variety of host plants are: Ascochyta, 
Cercospora (Fig. 74B), Cladosporium (Fig. 74C), Helminthosporium, Phyl-
losticta, Pyricularia (Fig. 75), and Septoria. Many other fungi, e.g., Alter-
naria and Botrytis, could be listed here, but they so frequently affect other 
plant parts that they are discussed elsewhere. 

The foliar spots and blights caused by Imperfect Fungi affect numer
ous hosts and appear in many variations. However, the disease cycles and 
controls of these diseases are quite similar, although considerable vari
ability may exist between diseases caused by specific fungi on different 
hosts, especially when the diseases develop under different environmen
tal conditions. Thus, these fungi attack primarily the foliage of annual 
and/or perennial plants by means of conidia produced on free, single or 
grouped hyphae [Cercospora, Cladosporium, Helminthosporium, and 
Pyricularia) or in pycnidia [Ascochyta, Phyllosticta, and Septoria). On the 
infected areas numerous conidia are produced which spread by wind, 
water, insects, etc. to other plants and cause more infections. In most 
cases these fungi overwinter primarily as conidia or mycelium in fallen 
leaves or other plant debris. Some, however, can overwinter as conidia in 
or on seed of infected plants, or in the soil. When perennial plants are 
infected, they may overwinter as mycelium in infected tissues of the plant. 
When these fungi are carried with the seed of annual plants, damping off of 
seedlings may develop. Control of such diseases is accomplished by using 
resistant varieties and fungicidal sprays, but disease-free seed and/or re-
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FIGURE 74. 
(A) Alfalfa leaf spot caused by Pseudopeziza medicaginis. (B) Sugar beet leaf spot 
caused by Cercospora beticola. (C) Tomato leaf mold caused by Cladosporium 
fulvum. (Photo C courtesy of U.S.D.A.). 

moval and destruction of contaminated debris may be most important in 
some diseases. 

• Coccomyces Leaf Spot or Shot-hole of 
Cherries and Plums 

Widespread and serious throughout the world, especially in areas with 
humid climate, it is most severe on sour cherries and less so on sweet 
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FIGURE 75. 
Foliar symptoms on rice leaves 
caused by the rice blast fungus 
Pyricularia oryzae. (Photo 
courtesy U.S.D.A.) 

cherries and plums. In cherries, the symptoms appear as numerous mi
nute, red to purplish-black spots on the upper sides of leaves and, in severe 
infections, on the petioles, fruit and pedicels (Fig. 76A). On the under 
sides of the spots on the leaves, slightly raised, waxy pustules appear that 
after heavy dews or rains produce a white, mildewlike growth. Infected 
leaves usually turn yellow and fall, or the spots may drop out and the 
leaves have a shot-hole appearance. The shot-hole effect is even more 
common and more pronounced on plum and prune leaves which may 
appear completely skeletonized. Severe leaf drop and shot-holing early in 
the season are common and weaken the trees which may die back during 
the same or in subsequent years. The disease is especially common and 
serious in nursery plantings. 

The fungus, Coccomyces sp. (or Higginsia sp.), produces ascospores in 
apothecia formed in fallen infected leaves and Cylindrosporium-type 
conidia formed in acervuli on the under side of infected leaves. The 
conidia are colorless, threadlike, straight or curved and consisting of one 
or several cells. The ascospores are produced in the spring over a period of 
6 to 7 weeks and are forcibly ejected when the leaves are thoroughly 
soaked. The ascospores are then carried by air currents and cause the 
primary infections on the leaves which then produce large numbers of 
conidia that are spread by rain from leaf to leaf and cause all the sub
sequent infections. 

Control of the disease is achieved by 4 to 5 sprays starting at petal-fall, 
and one postharvest spray with benomyl, captan, or certain other fun
gicides such as dodine, sulfur, or ferbam. 
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• Guignardia Leaf Spot and Black Rot of Grape 

It is present in Europe and in the U.S. and Canada east of the Rocky 
Mountains. It is probably the most serious disease of grapes where it 
commonly occurs, particularly in warm, humid regions. In the absence of 
control measures and in favorable weather, the crop it usually destroyed 
completely either through direct rotting of the berries or through blasting 
of the blossom clusters. 

The disease causes numerous scattered, circular, red necrotic spots on 
leaves in late spring (Fig. 76, C-G). The spots form usually between the 
veins and are most apparent on the upper side of the leaves. Later, when 
the spots are about 2 to 6 mm or more in diameter, the main area of the 
spots appears brown to grayish-tan while their margins appear as a black 
line. Black dotlike, Phyllosticta-type pycnidia are formed on the upper 
side of the spots in a ring near the outer edge of the brown area of the spot. 
On the shoots, tendrils, the leaf and flower stalks, and on leaf veins, the 
spots are purple to black, somewhat depressed and elongated, and bear 
scattered pycnidia. Spots begin to appear on berries when the latter are 
about half grown. These spots are at first whitish but are soon surrounded 
by a rapidly widening brown ring with a black margin. The central area of 
the spot remains flat or becomes depressed and dark pycnidia appear near 
the center. The whole berry soon becomes rotten and shrinks, and be
comes coal black as the surface becomes studded with numerous black 
pycnidia. 

The fungus, Guignardia bidwellii, in addition to conidia-bearing pyc
nidia, also produces ascospores in globose perithecia forming in rotten, 
mummied fruit. The perithecia supposedly develop from transformed 
pycnidia. The fungus overwinters mostly as ascospores in perithecia, but 
conidia can also survive the winter in most locations where grapes grow, 
so both ascospores and conidia can cause primary infections in the spring 
(Fig. 77). The release of ascospores and conidia takes place only when the 
perithecia and pycnidia become thoroughly wet, but while the ascospores 
are shot out forcibly and may then be carried by air currents, the conidia 
are exuded in a viscid mass from which they can be washed down or 
splashed away by rain. Ascospores may be discharged continually 
through the spring and summer, although most of them are discharged in 
the spring. 

Primary infections, whether from ascospores or conidia, take place on 
young, rapidly growing leaves and on fruit pedicels. In the ensuing spots, 
pycnidia are produced rapidly and these provide the conidia for the secon
dary infections of berries, stems, etc. 

Control of the grape leaf spot and black rot depends primarily on 
timely sprays of grapevines with fungicides. Sprays with ferbam just 
before bloom, immediately after bloom, and 10 to 14 days later give good 
control of the disease. Captan, folpet, or copper fungicides are also effec
tive against black rot and are used when downy mildew or powdery 
mildew are also to be controlled. Where black rot has been severe, 
another ferbam or captan application should be made during the first part 
of June. 
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FIGURE 76. 
(A) Cherry leaf spot caused by Coccomyces hiemalis. (B) Horsechestnut leaf 
blotch caused by Guignardia aesculi. (C-G) Black rot of grape caused by 
Guignardia bidwellii. (C, D, E) Foliar symptoms of black rot on grape showing 
damage to leaves (C, D) and the characteristic circular arrangement of the 
Phyllosticta-type pycnidia (E). (F, G) Black rot symptoms on young (F) and 
completely rotten berries (G). 
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FIGURE 77. 
Disease cycle of black rot of grapes caused by Guignardia bidwellii. 

• Needle Casts and Blights of Conifers 

Several ascomycetous fungi such as Elytroderma, Hypoderma, 
Lophodermium, and Scirrhia cause leaf diseases on pine, while Rhabdo
cline infects leaves of Douglas fir. Many other fungi also affect the various 
conifer hosts and may be more or less damaging depending on the impor
tance of the tree species in the particular area and on the prevailing 
environmental conditions. 

All needle cast and blight diseases have certain common characteris
tics, although each differs from all others in some respects. Thus, the 
needlelike leaves of the conifers are infected by the conidia and occasion
ally by the ascospores of these fungi at some time during the growing 
season. The type and time of infection may vary with the location where 
the particular species grows. The fungus enters the needle and usually 
causes a light green to yellow spot that sooner or later turns brown or red, 
encircles the needle and kills the part of the needle beyond the spot (Fig. 
78). The fungus may spread into the needle, or separate new infections 
may develop on the needle. As a result, the entire needle is often killed 
and either clings onto the tree for a while, giving the tree a reddish-brown, 
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FIGURE 78. 
Needle spots and blights of conifers. (A) Scirrhia brown spot on long-leaf pine. 
(B) Lophodermium needle cast on red pine. (C) Hypoderma needle cast of long-
leaf pine. 

burned appearance, or it is shed, resulting in partial or total defoliation of 
the tree. On the infected needles, whether on the tree or on the ground, 
the fungus produces its conidia and, occasionally, its ascospores in 
perithecia, which are either released into the air or are exuded during wet 
weather and are washed down or splashed by the rain onto other needles 
and trees. In some needle blights, the fungus may overwinter as 
mycelium in infected but still living needles, while in most cases the 
fungi overwinter as ascospores or conidia in dead needles on the tree or on 
the ground. 

Needle casts and blights can be destructive on mature trees, especially 
in plantations of single species, which may be killed following repeated 
defoliations. Every year, thousands of trees are cut when dead or dying 
from foliage diseases. These same diseases, however, can be devastating 
in young or nursery trees which they can kill by the millions in relatively 
short time if the weather is favorable and no adequate control measures 
are practiced. 

Most, but not all, needle casts and blights can be controlled with 
fungicidal sprays, especially in the nursery and in young plantation trees. 
Larger trees are either cut before they die (salvage cutting), or they too 
may be protected, when possible, with fungicides applied from airplanes. 
The fungicides most commonly used against leaf cast and blight diseases 
are Bordeaux mixture (usually a 4:4:100 mixture), other copper fungicides 
such as tribasic copper sulfate, and maneb, chlorothalonil, and others. In 
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some needle diseases, two sprays either early or late in the season, 
whenever most of the infections with the particular fungus take place, are 
sufficient to keep the disease in check, especially in large trees. In most 
cases, however, nurseries must be sprayed at least every 2 weeks from 
May through October if the seedlings are to survive the needle attacks by 
fungi and to grow. 

MYCOSPHAERELLA DISEASES 

• Banana Leaf Spot or Sigatoka Disease 

It occurs throughout the world and is one of the most destructive diseases 
of banana, although its economic importance varies with the region. It 
causes losses by reducing the functional leaf surface of the plant which 
results in small, unevenly ripened bananas that may fall and fail to ripen. 

The disease first appears as small, indistinct, longitudinal, light yellow 
spots parallel to the side veins of leaves that unfurled about a month 
earlier. A few days later, the spots become 1 to 2 cm long, turn brown 
with light grey centers and become readily visible. Such spots cause little 
damage, but they soon enlarge further, the tissue around them turns 
yellow and dies and adjacent spots coalesce forming large dead areas on 
the leaf (Fig. 79, A, B). In severe infections, entire leaves die within a few 
weeks. Since it takes at least 12 healthy leaves on mature banana plants 
to carry fruit to maturity, destruction of most mature leaves by the leaf 
spot disease may leave only a few functioning leaves that are insufficient 
to bring the fruit to maturity. As a result, immature fruit bunches on such 
plants fail to fill out and ripen, and may fall. If the fruit is nearing 
maturity at the time of heavy infection, the flesh ripens unevenly, indi
vidual bananas appear undersized and angular in shape, their flesh de
velops a buff pinkish color, and they store poorly. 

The causal fungus is Mycosphaerella musicola. It produces spermatia 
in spermagonia, ascospores in perithecia, and conidia of the Cercospora 
type in sporodochia. Sporodochia appear while the spots are still light 
yellow but successive crops of abundant conidia are produced by the same 
sporodochia only during the brown spot stage of the disease (Fig. 80). 
Conidia are produced on both sides of the leaf but are usually more 
abundant on the upper side and are spread by wind and dripping or 
splashing water. Although conidia are produced throughout the year, 
their release and germination depends on water or high humidity. 
Perithecia, formed as a result of fertilization of sexual hyphae by compat
ible spermatia, are produced during warm humid weather and their as
cospores are shot out violently in response to wetting of the perithecia. 
Ascospores are spread by air currents and are responsible for the long
distance spread of the disease while conidia are generally the most impor
tant means of the local spread of the disease. Infection by either asco
spores or conidia produces the same type of spot and subsequent develop
ment of the disease. 

The Sigatoka disease is controlled by a combination of measures in
cluding quarantine, sanitation by removal and destruction of badly in-



FIGURE 79. 
(A, Β) Banana leaf spot (Sigatoka disease) caused by Mycosphaerella musicola. (C) 
Strawberry leaf spot caused by M. fragariae. (D) Superficial and galloping type of 
black rot on butternut squash caused by M. melonis. (E) Black rot lesion on winter 
squash. (F) Lesions and pycnidia of Mycosphaerella brassicola on stem of young 
cabbage plant. (Photos A and B, courtesy R. H. Stover. Photo C, courtesy U.S.D.A.) 
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FIGURE 80. 
Development of Sigatoka disease of banana caused by Mycosphaerella musicola. 

fected leaves, and mainly by frequent, year-round application of fungici
dal sprays. For many years Bordeaux mixture or copper oxychloride with 
or without zineb were the fungicides used. Later it was shown that zineb 
or copper oxychloride suspended in mineral oil, or mineral oil alone 
(consisting largely of saturated hydrocarbons) gave better and cheaper 
control than Bordeaux. The oil sprays, however, are phytotoxic under 
certain conditions, may reduce fruit yields by as much as 10 percent, may 
cause patchy, retarded ripening when applied directly to fruit and have 
resulted in an increase of certain other leaf spot and fruit spot and rot 
diseases previously controlled by Bordeaux mixture. To date, maneb or 
other fungicides are routinely included in oil-water-fungicide emulsions 
for best all-around results. In some areas it is necessary to apply ground or 
airplane sprays every 10 to 12 days throughout the year while in other 
areas one application every 3 to 4 weeks suffices to maintain control. 

• Strawberry Leaf Spot 

It is worldwide. It appears at first as small, dark purple spots of indefinite 
outline. Later, the spots enlarge, a dark purple zone surrounding brown 
centers which soon turn light brown in young leaves and white in older 
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ones (Fig. 79C). Often, spots coalesce and the purple area may extend 
around several white spots and may even extend to the border of the leaf. 
Small, black dotlike perithecia appear in the central dead area. The 
infection may kill parts of leaves or entire leaflets. Although spots may 
also develop on petioles, fruit, and fruit stems, the frequently severe leaf 
spot epidemics alone cause a decided reduction in the total yield, reduc
tion in the quality of harvested berries and a weakening of the plants. 

The fungus, Mycosphaerella fragariae, produces ascospores in 
perithecia on the upper side of the leaves and great numbers of conidia of 
the Ramularia type are produced on short conidiophores arising over the 
entire under surface of the diseased area. In most cases the fungus over
winters as mycelium in surviving infected leaves on perennial runners of 
the strawberry plant. The mycelium produces conidia in the spring which 
probably cause most of the primary infections and all the secondary ones, 
although ascospores may also overwinter and cause infection. Both types 
of spores germinate and penetrate leaves through stomata which are 
found mostly on the lower side of the leaf. The mycelium then grows 
between the cells without haustoria, producing conidia on the lower 
surface throughout the season and perithecia at the upper side during the 
autumn months. 

Control of strawberry leaf spot depends largely on the use of resistant 
varieties, but when the disease is severe, sprays with benomyl, captan, or 
thiram at weekly intervals from prebloom to harvest give satisfactory 
control. 

• Cucurbit Leaf Spot, Gummy Stem Blight, 
and Black Rot 

It is probably worldwide in distribution and in favorable weather the 
pathogen infects all parts of all cucurbits. Usually, however, it attacks the 
leaves and stems of watermelons, cucumber, and cantaloupe and the fruit 
of squash, pumpkin, and gourd. When the fungus is carried in the seed it 
also causes damping off, killing the seedlings. On the leaves, petioles, and 
stems, pale brown or gray spots develop. On the stems, the spots usually 
start at the joints, become elongated and cracked, and exude an amber-
colored gummy material. The spots on the leaves enlarge along with the 
spots on stems and petioles, make the leaves turn yellow and die, and 
even the whole plant may wilt and die. On the fruit, the spots appear at 
first as yellowish, irregularly circular areas that later turn gray to brown 
and may have a droplet of gummy exudate in the center. The spot finally 
turns black. In some kinds of squash the black rot lesions are superficial 
and spread over the surface or appear as a dry, brownish, circular mass, the 
enlargement of which is arrested by a defensive barrier of squash tissue 
(Fig. 79 D,E). Very often, however, especially in storage, the fungus 
penetrates through the rind and spreads widely throughout the squash 
and into the seed cavity. On all the spots, whether on the leaf, stem, or 
fruit, the fungus produces closely spaced groups of pale-colored pycnidia 
and dark, globular perithecia that are sometimes arranged in rings and are 
visible with the naked eye. 

The fungus, Mycosphaerella melonis, produces ascospores in 
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perithecia and conidia in pycnidia. Both conidia and ascospores are short
lived after they are released and the fungus generally overwinters in 
diseased plant refuse and in or on the seed. Thus, either type of spore or 
infected seed can result in primary infections, with the subsequently 
profusely produced conidia causing the secondary infections. 

Control of black rot of cucurbits is difficult, requiring the use of clean 
or treated seed, long crop rotations, and frequent applications of fun
gicides such as ziram, captan, and maneb. Good control of the leaf and 
stem infections reduces fruit infections both in the field and in storage. 
However, further care is needed to avoid infection in storage. Wounding 
of stored fruit must be avoided. Curing of squash at 23 to 29°C for two 
weeks to heal the wounds and subsequent storage at 10 to 12°C are very 
helpful. If the inoculum present in the field is heavy, dipping of the squash 
fruit in formaldehyde or Clorox before curing and storage is also helpful. 

• Cercospora Diseases 

They are almost always leaf spots that either stay relatively small and 
separate or they may enlarge and coalesce resulting in leaf blights. The 
diseases are generally widespread and among the most common hosts 
affected are sugar beet, carrot, celery, eggplant, pea, peanut, tomato, rice, 
corn, sugarcane, and most other cereals and grasses, azalea, Boston ivy, 
dahlia, geranium, tobacco, and many trees and other crops in temperate 
zones and in the tropics. 

The leaf spots in some plants, e.g., beet and tobacco, are brown, small, 
about 3 to 5 mm in diameter and roughly circular with reddish-purple 
borders (Fig. 74B). Later, their centers become ashen-gray, thin, papery 
and brittle and may drop out leaving a ragged hole, or the spots, if suf
ficiently numerous, may coalesce causing large necrotic areas. On most 
other hosts, e.g., celery, carrot, and geranium, the leaf spots are small, 
reddish, or yellowish at first but they enlarge rapidly, the affected tissue 
changing to an ashen-gray color and a dry, papery texture. The spots are 
irregularly circular to angular, with or without a distinct border and often 
coalesce to form large blighted areas. In monocotyledonous plants the 
spots are narrow and long, usually 0.5 by 5.0 cm, may coalesce and kill 
leaves. In humid weather the affected leaf surface on all hosts is covered 
with an ashen-gray mold barely visible to the naked eye. In severe attacks 
all the foliage is destroyed and may fall off. On fleshy plants, similar 
lesions are produced on stems and leaf petioles. 

Several species of Cercospora are responsible for the diseases on the 
various hosts. The fungus produces long, slender, colorless to dark, 
straight to slightly curved, multicellular conidia on long, dark con-
idiophores. The conidiophores arise from the plant surface in clusters 
through the stomata and form conidia successively on new growing tips. 
The conidia are easily detached and often blown long distances by the 
wind. The fungus is favored by high temperatures and therefore is most 
destructive in the summer months and in warmer climates. Although 
Cercospora spores need water to germinate and penetrate, heavy dews 
seem to be sufficient for abundant infection. It overwinters in or on the 
seed and as minute black stromata in old affected leaves. 
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Cercospora diseases are controlled by using disease-free seed, or seed at 
least 3 years old by which time the fungus in the seed has died, crop 
rotations with hosts not affected by Cercospora or by the same Cerco
spora species, and by spraying the plants, both in the seed bed and in the 
field, with fungicides such as benomyl, dyrene, chlorothalonil, Bordeaux 
mixture, maneb, dodine, and others. 

• Septoria Diseases 

They occur throughout the world and affect numerous crops on which 
they cause mostly leaf spots and blights. The most common and serious 
diseases they cause are leaf blotch and glum blotch of wheat and other 
cereals and grasses, and leaf spots of celery, beet, carrot, cucurbits, let
tuce, tomato, soybean, brambles, aster, azalea, carnation (on which they 
also cause a corm rot), chrysanthemum, marigolds, and many others. 

On cereals and grasses, the leaf spots appear as light-green to yellow or 
brown spots, first between the veins but soon becoming darker and 
spreading rapidly to form irregular blotches (Fig. 81C). These may be 
restricted or may coalesce and cover the entire blade and sheath, depend
ing on the variety and humidity. The blotches often appear speckled due 
to the more or less abundant, small, submerged brown pycnidia forming 
on them. In favorable weather, plants become defoliated and the fungus 
invades the culm causing black necrotic lesions that result in weakened 
or dead plants and often lodging. Smaller lesions with fewer pycnidia may 
develop on the floral bracts and on the pericarp of the kernels. 

On vegetables, flowers, etc., leaf spots begin as small yellowish specks 
that later enlarge, turn pale brown or yellowish gray, and finally dark 
brown, usually surrounded by a narrow yellow zone. The spots, depend
ing on the host and the fungus species, vary in size from those barely 
visible to those 1 to 2 cm in diameter to occasional individual spots that 
affect up to one-third of the leaf area. The spots may have distinct 
margins with a circular outline or may be very irregular with indistinct 
edges (Fig. 81, A, B, and D). In some hosts, leaves with two or three spots 
may turn yellow and die, while in others the leaves may have numerous 
spots before they turn yellow and eventually droop and die. As the spots 
form, small black pycnidia appear as dots in them. The disease usually 
starts on the lower foliage and progresses upward. 

The fungus, Septoria sp., exists in many species that affect the different 
hosts. It produces long, filiform, colorless, one- to several-celled conidia 
in dark, globose pycnidia. When the pycnidia become wet, they swell and 
the conidia are exuded in long tendrils. The conidia are spread by splash
ing rain, irrigation water, tools, animals, etc. Septoria overwinters as 
mycelium and as conidia within pycnidia on and in infected seed and on 
diseased plant refuse left in the field (Fig. 82). When the fungus is carried 
in the seed, it produces seedling infection that may result in damping off 
or provide inoculum for subsequent infections. Although all Septoria 
species require high moisture for infection and severe disease develop
ment, they can cause disease at a wide range of temperatures between 10 
and 27°C. 



FIGURE 81. 
(A, Β) Stem lesions and leaf spots caused by the late blight of celery pathogen 
Septoria apii. Black dots are pycnidia. (C) Leaf blotches with pycnidia on wheat 
and other cereals caused by Septoria tritici. (D) Tomato leaf spot caused by 
Septoria lycopersici. (Photos C, D courtesy U.S.D.A.) 269 



270 PLANT DISEASES CAUSED BY FUNGI 

Conidia infec t leave s o f man y hosts , 
also petioles , stems , fruits,etc . 

Conidia sprea d b y rai n 
splashes,wind-blown rain , 
or contac t wit h tools , 
animals,etc. 

Germ tub e penetrate s 
directly o r throug h stomat a 

Celery lea f 

Pycnidia i n spot s releas e ne w conidi a 

Wheat stem , lea f 
and head . 

Mycelium an d pycnidi a 
develop i n lea f 

Conidia ar e 
released fro m pycnidi a 
wet fro m rain,aew,o r 
irrigation. 

\ 

Fungus overwinter s 
as myceliu m o r pycnidi a 
in infecte d plants,infecte d 
seeds,or plan t debri s 

Small an d larg e lea f spot s 
caused b y differen t specie s 
of  Septoria 

Dark spot s o r blotche s develo p o n whea t leaves,stems , glume s an d 
seeds. Pycnidi a for m o n al l organ s an d releas e ne w conidia . 

Development o f disease s cause d b y  Septoria  sp. 

FIGURE 82. 
Development of diseases caused by Septoria sp. 

Control of Septoria diseases depends on the use of disease-free seed in a 
field free of the pathogen, 2 to 3 year crop rotations, sanitation by deep 
plowing of plant refuse, use of resistant varieties and chemical sprays of 
the plants in the seedbed and in the field. The fungicides most commonly 
recommended for control of Septoria diseases include maneb, maneb 
with zinc, zineb, captan, dichloran, and Bordeaux mixture. 

• Helminthosporium Diseases 

They occur throughout the world and are very common and severe on 
many important crop plants of the grass family (Gramineae), and, in some 
areas, they also cause diseases on apple (black pox) and on pear (blister 
canker). Thus, different species of Helminthosporium, which are now 
known under the names Bipolaris or Drechslera, cause corn leaf blights, 
brown spot or blight of rice; crown and root rot of wheat, and the leaf spot 
of wheat; net blotch of barley, stripe disease of barley, and the spot blotch 
of barley; the Victoria blight and the leaf blotch of oats; eye spot and the 
brown stripe of sugarcane,- and leaf spots or blights of turf grasses, and the 
crown and root rots (melting out) of turf grasses. 
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The leaf spot and blight and also the crown and root rot diseases caused 
by Helminthosporium on the various hosts have many similarities but 
also some significant differences. Three of them, brown spot or blight of 
rice, southern corn leaf blight, and Helminthosporium blight of oats, 
caused sudden and catastrophic epidemics that resulted in huge crop 
losses, human suffering and new approaches to disease control. All Hel
minthosporium diseases destroy various percentages of the leaf area or 
may attack and destroy part of the stem or roots or may attack the kernels 
directly, in every case causing considerable yield loss. 

Of the diseases on corn, southern corn leaf blight and the leaf spot 
cause rather small (0.6 x 2.5 cm), tan lesions that may be parallel or 
elliptical and may be so numerous that they almost cover the entire leaf 
(Fig. 83A). Some races of the species causing these diseases also attack 
the stalks, leaf sheaths, ear husks, shanks, ears, and cobs (Figs. 83B and 84). 
Affected kernels are covered with a black, felty mold and cobs may rot or, if 
the shank is infected early, the ear may be killed prematurely or drop. 
Seedlings from infected kernels may wilt and die within a few weeks after 
planting. A widespread epidemic of race Τ of the southern corn leaf blight 
fungus occurred suddenly in 1970 on all corn hybrids containing the Texas 
cytoplasmic male sterility gene and destroyed about 15 percent of all corn 
produced in the U.S. that year. The monetary value of the lost crop was 
estimated at one billion dollars. In the northern corn leaf blight only the 
leaves are affected; the lesions are grayish-green or tan and range in length 

FIGURE 83. 
Southern corn leaf blight symptoms on leaves (A) caused by Helminthosporium 
maydis. Symptoms on husks and ears (B) are caused only by race Τ on corn 
varieties carrying the gene for Texas cytoplasmic male sterility. 



FIGURE 84. 
Disease cycle of southern corn leaf blight caused by Helminthosporium maydis race T. 

272 
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from 2 to 15 cm and are 1 to 3 cm wide. The same fungus causes similar but 
smaller and darker spots on sorghum. 

The brown spot or blight disease of rice appears at first as small, 
purplish-brown spots on the leaves and glumes (Fig. 85). Later the spots 
grow larger and have a grey center and brown border. Entire glumes may 
be covered by several small or one large spot on which a dark brown, 
velvety felt of conidiophores and conidia is present. The fungus causes 
damage by infecting the seed directly which then germinates poorly and 
produces weak seedlings, but primarily by attacking the leaves during the 
seedling stage either in the seed beds or in the field. In such infections the 
young foliage is severely damaged, the plants are weakened and the yield 
drastically reduced. It was such seedling infections that resulted in the 
Bengal famine in 1942 when approximately two million people died from 
starvation. 

The Helminthosporium diseases on barley, wheat, and oats are com
mon, similar, widespread, and cause considerable losses year after year, 
although the amount of losses varies with the crop, the variety, and the 
prevailing weather conditions in a particular year. The diseases seem to 
be more common and more severe on barley than on the other crops. In 
the net blotch of barley, small, brown, almost square-shaped, netlike 
blotches appear near the tip of the seedling leaf. The spots enlarge as the 
leaf grows and spread along the entire leaf blade and, as they become more 
elongate, the leaf develops a netted appearance (Fig. 86E). In barley stripe, 
yellow stripes develop along leaf blades and sheaths of the older leaves. 
Later, these stripes become brown and, near the end of the season, the 
leaves often split along the stripe lesions and become shredded. Infected 
plants are stunted and usually do not produce normal heads. 

FIGURE 85. 
Rice leaves with spots caused by the 

brown spot fungus Helminthosporium 
oryzae. (Photo courtesy U.S.D.A.) 



FIGURE 86. 
Η elminthosporium diseases of turfgrasses and cereals. (A) A small patch of dead 
turf showing early stages of melting out. (B, C) Plants and leaves from area in (A) 
showing spotting of leaves and death of sheaths and roots. (D) Scanning electron 
micrograph of H. maydis conidiophores and conidia on corn leaf surface. (E) Spot 
blotch of cereals and grasses caused by various species of Helminthosporium and 
a spore of one of the species. (Photo D courtesy M. F. Brown and H. G. Brotzman. 
Photo Ε courtesy U.S.D.A.) 
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In the crown rot and root rot of wheat, barley, and other grasses, spots 
develop on seedlings, plant crowns, stems, leaves, floral parts, and ker
nels. Dark brown to black lesions develop on seedlings near the soil line 
and may spread into the leaves. The seedlings may be blighted and killed 
before or after emergence, or may survive but their growth is retarded. 
Crowns are infected at or just below the soil line and show a reddish-
brown decay which destroys the tiller buds and advances into the root 
system which it kills. The leaf spots are brown and elongate with definite 
margins and frequently enlarge and coalesce to form brown irregular 
stripes or blotches that cover large areas of the leaf blade. Older lesions 
are covered with a layer of olive-colored conidiophores and conidia of the 
fungus. Floral parts and kernels also develop lesions or their entire surface 
may appear dark brown. The embryo end of the kernel is often black and 
this symptom is characteristic of this disease. Due to crown and root rot 
and to leaf blotch, surviving plants are shorter; the spikes may be only 
partially emerged and may be sterile or have poorly filled kernels. Blight 
of floral parts and kernels also causes sterility or death of individual 
kernels. 

In the Victoria blight of oats, which affects only types of oats bred from 
the cultivar "Victoria/' the fungus causes necrotic lesions at the base of 
the shoot of seedlings which then develop reddish stripes on the young 
leaves. Severely affected seedlings die. Those that survive later develop a 
rot at the base of the stem and in the root and brown lesions on the leaves. 
The stem is weakened in the infected region and is easily toppled over, 
while a velvety spore mass develops on its lower blackened nodes. The 
fungus causing Victoria blight of oats produces a specific toxin that 
affects and produces the typical stunting and chlorosis symptoms of the 
disease only on "Victoria" oats. 

Lawn and fine golf course grasses are frequently attacked by various 
Helminthosporium species which cause the most common and serious 
group of diseases known as leaf spots, blights, crown (foot) rots and root 
rots (melting out) of these grasses (Fig. 86A-C). These diseases resemble 
in most respects those described above for the small grain crops, although 
on turf grasses one or more leaf spots often merge and girdle the leaf blade 
which then turns yellow or reddish-brown and dies back from the tip. In 
severe infections leaves become completely blighted, wither, die, and 
drop off. Furthermore, the perennial nature of the turf grasses and the fact 
that they are mowed and irrigated several times each year create addi
tional opportunities for the diseases to be spread and to become estab
lished. The diseases are usually most destructive during wet or humid 
weather or where the turf is sprinkle-irrigated frequently, especially late 
in the day. In advanced cases of infection turf areas of various sizes and 
shapes turn yellow, then brown to straw colored, the plants in these areas 
are killed and thinned out, and finally all plants die and decay (melting 
out). The disease, if unchecked and if the weather is favorable, may spread 
and kill the entire turf in the area. 

Quite distinctly from the above diseases, another species of Helmin
thosporium causes a pitted or scaly bark condition and small, black, 
sunken spots on apple and pear and a blister canker on pear. 
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The pathogen in the above diseases is one or several of the many 
species of Helminthosporium affecting plants. The fungus produces large, 
cylindrical, dark, 3- to many (usually 5- to 10)-celled conidia that have 
thick walls and sometimes are slightly curved (Fig. 86D). The conidia are 
produced successively on new growing tips of quite dark, septate, irregu
lar conidiophores. Some species of Helminthosporium are now known 
under the name Drechslera. Several species have been shown to produce, 
with more or less regularity, black perithecia containing cylindrical asci 
within which are formed colorless, threadlike, 4- to 9-celled, coiled as
cospores of the genus Cochliobolus. 

The various Helminthosporium species survive the winter as 
mycelium or spores in or on infected or contaminated seed, in plant 
debris and in infected crowns or roots of susceptible plants. The fungus is a 
weak parasite and, when in the soil, it is even weak as a saprophyte 
probably due to antagonism by soil microorganisms, especially at high 
nitrogen content. Most Helminthosporium species are favored by moder
ate to warm (18 to 32°C) temperatures and particularly by humid, damp 
weather. Most Helminthosporium diseases, especially leaf spots, are re
tarded by dry weather, while crown and root affecting fungi may continue 
their invasion of diseased plants killing out the plants (melting out) in 
irregular areas. Spread of the fungus is through the seed and infected debris 
blown or carried away. Over short distances during the growing season the 
fungus spreads through its numerous conidia which may be carried by air 
currents, splashing rain, or by clinging to cultivating equipment, feet, 
animals, etc. 

Control of Helminthosporium diseases depends on the use of resistant 
varieties, disease-free seed, seed treatment with fungicides, proper crop 
rotation and fertilization, plowing under of infected plant debris, and by 
fungicides. In turf grasses, control of Helminthosporium diseases is facili
tated by mowing at the recommended maximum height, reducing or 
removing the accumulated dense thatch, supplying sufficient fertilizer, 
and by irrigating quickly and sufficiently but in widely spaced (7- to 10-
day) intervals. If fungicides are necessary, several of them, including 
cycloheximide, cycloheximide-thiram, chlorothalonil, Dyrene, maneb, 
and others can be applied beginning in early spring and continuing at 1- to 
2-week intervals for as long as necessary to get the disease under control. 
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STEM AND TWIG 
CANKERS CAUSED BY ASCOMYCETES 
AND IMPERFECT FUNGI 

Cankers are localized wounds or dead areas of the bark which are often 
sunken beneath the surface of the stem or twigs of woody plants. In some 
cankers, the healthy tissues immediately next to the canker may increase 
in thickness and appear higher than the normal surface of the stem. 

There are innumerable kinds of pathogens that cause cankers on trees, 
and cankers can also be caused by factors other than pathogens. Most 
cankers, however, have many similarities. The most common causes of 
tree cankers are Ascomycetous fungi, although some other fungi, particu
larly among the Imperfects, some bacteria, and some viruses also cause 
cankers. 

The basic characteristics of cankers are that they are visible dead areas 
more or less localized that develop in the bark and, sometimes, in the 
wood of the tree. Cankers generally begin at a wound or at a dead stub. 
From that point, they expand in all directions but much faster along the 
main axis of the stem, branch, or twig. Depending on the host-pathogen 
combination and the prevailing environnental conditions, the host may 
survive the disease by producing callus tissue around the dead areas and 
thus limiting the canker. In infections of large limbs of perennial hosts, 
concentric layers of raised callus tissue may form. If, however, the fungus 
grows faster than the host can produce its defensive tissues, either no 
callus layers form and the canker appears diffuse and spreads rapidly or 
the fungus invades each new callus layer and the canker grows larger each 
year. Young twigs are often girdled by the canker and killed soon after 
infection, but on larger limbs and stems cankers may extend to one or 
several meters in length although their width extends to only part of the 
perimeter of the limb. Eventually, however, the limb or entire tree may 
be killed through girdling either by the original canker or by additional 
cankers that develop from new infections caused by the spores of the 
original canker. 

Cankers are generally much more serious on fruit trees such as apple, 
peach, etc., which they debilitate and kill. On forest trees, with the 
exception of chestnut blight, Hypoxylon canker, and Dothichiza canker, 
cankers deform, but do not kill their hosts. They do, however, reduce tree 
growth and the quality of lumber, result in greater wind breakage, and 
weaken the trees so that other more destructive wood- or root-rotting 
fungi can attack the trees. 

Although most canker-causing fungi are Ascomycetes, only some of 
them, e.g., Dibotryon and Nectria, produce their sexual ascigerous stage 
regularly. The other canker fungi produce primarily asexual conidia, 
usually in pycnidia partially or mostly embedded in the bark, and only 
occasionally do they produce perithecia. For this reason many of these 
fungi are known by the name that was given them while they were 
classified as Imperfect fungi, before their sexual stage had been found. 
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Some of the canker-causing fungi and their most important host plants 
are listed below. 

Botryosphaeria ribis, causes canker on apple, pecan, hickory, sweetgum, red-
bud, many other trees, and on currant and gooseberry. 

Ceratocystis fimbriata, causes canker diseases on cacao, coffee, stone fruits, 
rubber, poplar, London plane, and sycamore. 

Cryptodiaporthe populea (Imperfect stage Dothichiza populea) causes the 
Dothichiza canker of poplar. 

Dibotryon morbosum, causes black knot of plum and cherry. 
Endothia parasitica, causes chestnut blight. 
Eutypella parasitica, causes Eutypella trunk canker of sugar maple (Fig. 87), 

red maple and boxelder. 
Hypoxylon pruinatum, causes hypoxylon canker of aspen. 
Nectria galligena, causes canker of apple and pear, aspen, beech, birch, 

basswood, black walnut, elm, maple, oak, and other trees. 
Urnula craterium (Imperfect stage Strumella coryneoidea), causes Strumella 

canker primarily of red and black oak, but also of hickory, beech and maple. 
Valsa sp. (Imperfect stage Cytospora sp.), causes Cytospora canker of peach and 

many other fruit trees, poplar, willow, and more than 70 species of 
hardwood trees and shrubs, as well as spruce and some other conifers. 

A brief description of the main characteristics of the canker diseases 

FIGURE 87. 
Eutypella trunk canker of maple. Note size 
of canker. (Photo courtesy U.S.D.A.) 
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caused by some of the above fungi, as well as control measures, when 
possible, are given below. 

• Dothichiza Canker of Poplar 

One of the most important diseases of poplar, especially black, Lombardy 
and Simon poplar, and of cottonwood, in Europe and North America, it 
causes cankers on twigs, branches, and stems (Fig. 88, A-C). All the 
young trees in nurseries and plantations may be killed rapidly by cankers 
that girdle the stem. On older trees, branch and stem cankers result in a 
typical dieback. The fungus enters the tree through lenticels, buds, and 
bark cracks. The developing canker is discolored and sunken. The host 
checks the advance of the fungus during favorable conditions, but during 
low temperatures, drought, etc., when the host vigor is reduced, the 
fungus resumes its activity, the canker enlarges and may girdle and kill 
the branch or tree. The fungus produces conidia in pycnidia on the 
diseased parts throughout the growing season. The conidia are spread by 
rain, water, and wind and can probably cause new infections throughout 
the season but most infections seem to occur in late spring when conidia 
are also most abundant. Perithecia and ascospores are seldom produced. 

• Black Knot of Plum and Cherry 

It occurs on cultivated and wild plums and cherries, primarily in the 
eastern half of the U.S. and New Zealand. It causes conspicuous, 2 to 25 
cm or more long, coal-black knotty swellings on one side of, or encircling, 
twigs and branches (Fig. 88, D, E). They may be several times the diame
ter of the limbs and make heavily infected trees appear quite grotesque. 
Infected plants become worthless after a few years as a result of limb 
death and stunting of the trees. The fungus, Dibotryon morbosum, pro
duces Hormodendrum-type conidia on free hyphae and ascospores in 
perithecia formed on the black knots. Both conidia and ascospores are 
spread by wind and rain, and in early spring they can penetrate healthy 
and injured woody tissue of the current season's growth. Large limbs are 
also attacked, especially at points of developing small twigs. The fungus 
grows into the cambium and xylem parenchyma and along the axis of the 
twig. After 5 or 6 months, excessive parenchyma cells are produced and 
pushed outward forming the swelling. The following spring conidia are 
produced on the knot surface giving it a temporary olive-green velvety 
appearance. The knots enlarge rapidly during the second summer and, in 
their surface layer, perithecia are formed that develop during the winter 
and release ascospores the following spring. The knots continue to ex
pand in following years. The disease can be controlled by pruning and 
burning of all black knots, and destruction of black knots or of all affected 
wild plums and cherries near the orchard. Spraying the orchard trees 
before and during bloom with sulfur or captan, or with fixed copper 
fungicides to which hydrated lime is added protects trees from infection. 

• Chestnut Blight 

After it was introduced in New York City in 1904, it spread and by 1940 
destroyed practically all American chestnut trees throughout their 



FIGURE 88. 
(A-C) Dothichiza canker on Lombardy poplar. (A) A row of trees whose twigs 
have been killed by cankers like those shown in Β and C. Bunches of new twigs 
have sprouted in some parts of the trees. (B) Stages in the development of a canker 
along the twig. Infection is generally centered around a leaf scar. (C) Advanced 
cankers, mostly at the base of twigs. (D, E) External and cross-section views of 
black knot canker on cherry caused by Dibotryon morbosum. (F, G) Chestnut 
blight canker caused by Endothia parasitica. (F) Canker on young chestnut stem, 
apparently started at broken branch. (G) Perithecia of Endothia parasitica 
embedded in chestnut bark. 281 
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natural range in the eastern third of the U.S. from the Canadian border 
south nearly to the Gulf of Mexico. American chestnuts killed by the 
blight comprised 50 percent of the overall value of eastern hardwood 
timber stands. The fungus, Endothia parasitica, also attacks oak, red 
maple, hickory, and, sporadically, other trees, but not nearly as severely 
as it attacks the American chestnut. It is now present throughout North 
America, Europe, and Asia. The fungus penetrates the bark of stems 
through wounds and then grows into the inner bark and cambium. Soon a 
swollen or sunken canker develops, the bark of which is reddish-orange to 
yellow-green and covered by pimplelike pycnidia and perithecia (Fig. 88, 
F, G). Cankers often have long cracks on their surface, may be several 
inches to many feet long and eventually girdle the stem or branch causing 
wilting and death of the parts beyond the canker. The pycnidia produce 
tiny conidia that ooze out as long orange curllike masses during moist 
weather and are spread by birds, crawling or flying insects, or by splashing 
rain. The perithecia produce ascospores that are shot forcibly into the air 
and may be carried by wind over long distances. The fungus survives and 
continues to invade and produce its spores in trees or parts of trees 
already killed by the blight. Blighted trees almost always produce sprouts 
below the basal cankers, but the resulting saplings become blighted in 
turn by new infections. No control is available against chestnut blight 
although some new systemic fungicides and some antagonistic or hypo-
parasitic strains of the fungus appear promising for isolated trees. Also, no 
resistant American chestnuts have been found yet. 

• Nectria Canker 

It is one of the most important diseases of apples and pears and of many 
species of hardwood forest trees in most parts of the world. Losses are 
greater in young trees because in these the fungus girdles the trunk or 
scaffold branches, while in older trees only small branches are usually 
killed directly (Fig. 89, A-D). Cankers on the main stem of older trees, 
however, reduce the vigor and value or productivity of the tree, and such 
trees are subject to wind breakage. Nectria cankers usually develop 
around bud scars, wounds, twig stubs, or in the crotches of limbs. Young 
cankers are small, circular, brown areas. Later, the central area becomes 
sunken and black while the edges are raised above the surrounding 
healthy bark. In many hosts and under favorable conditions for the host, 
the fungus grows slowly, the host produces callus tissue around the 
canker and the margin of the canker cracks. The tissues under the black 
bark in the canker are dead, dry and spongy, flake off and fall out revealing 
the dead wood and the callus ridge around the cavity. In subsequent years 
the fungus invades more healthy tissue and new, closely packed, roughly 
concentric ridges of callus tissue are produced every year resulting in the 
typical open, target-shaped Nectria canker. In some hosts, however, and 
under conditions that favor the fungus, invasion of the host is more rapid, 
the bark in the cankered area is roughened and cracked but does not fall 
off and the successive callus ridges are some distance apart. 

In hosts such as apple and pear, fruits are also infected and develop a 



FIGURE 89. 
Nectria cankers and fruiting bodies on maple (A) and apple (B-D). (B) 
Conidial stage of Nectria galligena on apple branch. (D) Nectria perithecia. 
(Photo A courtesy U.S.D.A.) 283 
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circular, sunken, brown rot. White or yellowish pustules producing 
numerous conidia form on rotted areas. Internally the rotted tissue is soft 
and has a striated appearance. 

The fungi, Nectria galligena and some related species, attack the many 
different tree hosts. All Nectria species produce similar, two-celled as
cospores in brightly colored perithecia on the surface of a cushion-shaped 
stroma, but different Nectria species produce conidia which in them
selves do not appear to be related and are classified as various species of 
Imperfect fungi. Thus, the conidia of N. galligena are either single-celled 
microconidia or more commonly 2- to 4-celled, cylindrical to crescent-
shaped macroconidia of the Cylindrocarpon type (Fig. 90). The conidia are 
produced soon after infection on small, white or creamy-yellow or bright 
orange-pink sporodochia which appear on the surface of the bark over the 
infected area or on fruit. The conidia are produced more commonly early 
in the season but also in the summer and early fall. They are spread by 
wind and by washing during rainy periods, and perhaps by insects. 
Perithecia appear in the cankers in late summer and fall and in the same 
stroma that earlier produced the conidia which they eventually replace. 
The ascospores are either forcibly discharged and carried by wind or, in 
moist weather, they ooze from the perithecium and are washed by rain or 
carried by insects. Ascospores are dispersed more abundantly in late 
summer and fall but are also released at other times of the year. Sanita
tion, i.e., removal and burning of cankered limbs or trees where possible, 

FIGURE 90. 
Disease cycle of Nectria canker caused by Nectria galligena. 
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is often the only control measure possible. Spraying with a fungicide such 
as captafol or 8:8:100 Bordeaux mixture immediately after leaf fall helps 
reduce Nectria infections in fruit trees. 

• Valsa or Cytospora Canker 

This worldwide canker disease probably affects more species of trees than 
any of the previously described. It is estimated that more than 70 species 
of fruit trees, hardwood forest and shade trees, shrubs, and conifers are 
attacked by one of several species of the pathogen. The fungus, Valsa sp., 
is most commonly found in its Imperfect stage, Cytospora sp., and there
fore the disease is usually known as Cytospora canker. 

Cytospora canker is most serious on peach and the other stone fruits, 
on apple and pear, and on poplar and willow, but is often serious on many 
other shade or forest trees (Fig. 91). Actually, few orchards are free from 
its damaging effects. Many trees are seriously injured by cankers on the 
trunk, in the main crotch, on the limbs and on the branches. Infected 
branches of fruit trees often break from the weight of the crop or during 
storms. Cytospora canker is most severe on fruit or shade trees growing 
under stress, such as those growing on an unfavorable site, or injured by 
drought, frost, fire, or severe pruning. The fungus is mostly a saprophyte 
living on dead bark but becomes parasitic when the tree is weakened. 
However, the presence of Cytospora on a dead twig or branch does not 
mean that this fungus has killed it. 

Infection of small twigs and branches results in dieback without de
finite cankers. The cankers occur and are most pronounced on trunks and 
large branches. A canker appears first as a gradual circular killing of the 
bark of a limb or stem. The infected area soon becomes brownish and 
sunken and the host often produces raised callus tissue around it. In some 
hosts, particularly the stone fruit trees, the inner diseased bark becomes 
dark and odorous and a copious flow of gum exudes from the dead tissues. 
The cankers may be long and slightly sunken or short, deeply sunken, 
with conspicuously raised callus borders. Later the bark shrivels and 
separates from the underlying wood and from the surrounding healthy 
bark. Small, pimplelike pycnidia of the fungus appear on the dead bark 
and later the shriveled bark may slough off exposing dead wood beneath. 
The cankers increase in size each year and become unsightly, rough 
swellings. Many twigs and branches die back as a result of cankers that 
girdle them completely (Figs. 91 and 92). 

Cytospora cankers result from infections by conidia of the fungus 
Cytospora. The fungus produces Valsa-type ascospores in perithecia, but 
the perithecial stage is not common. The conidia are produced inside 
pycnidia consisting of many connecting cavities and one pore through 
which the conidia are exuded. The spores are small, hyaline, one-celled, 
and slightly curved. They are produced in a gelatinous matrix which, 
during wet weather, absorbs water, swells and oozes out of the pyc-
nidium, carrying with it the masses of spores. The spores may be washed 
away or splashed by rain or may be spread by insects and man. If it is 
moist but not rainy, the exuded conidia may form coiled threads of spores 
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FIGURE 91. 
Cytospora canker on peach trunk (A) and twigs (B), and on plum twig (C). (D) 
Cytospora pycnidia embedded in the bark of apple twig. (E) Cytospora canker 
of spruce. Note white pitch flowing out of canker area. 



Ascus 

Conidia o r ascospore s 
carried b y rainjnsects , 
wind,etc. t o othe r 
trees o r branche s 

Ascospores ar e discharge d 
during we t weathe r 

\/a/so-iype  per i theci a produce d 
occasionally 

Conidia embedde d i n 
sticky substanc e ar e 
exuded durin g we t 
weather 

Spores landin g o n 
wounds, stubs , prunin g 
cuts o r twig s ki l le d b y 
f rost,germinateand 
infect 

Mycelium grow s rapidl y downwar d 
and kill s cell s i n bar k an d oute r wood . 
Infected bar k (canker ) become s sof t 
discolored an d sunken . 

Cytospora-  typ e pycnidiu m 

Overview o f cros s sectio n 
of pycnidiu m wit h man y 

chambers 

hungus overwinter s a s mycelium , 
pycnidia o r peritheci a i n bar k o f 
cankers o n tre e 

Cankers spread,girdl e an d kil l branche s 
and ma y coalesc e o r enlarg e an d thu s 
girdle th e ste m an d kil l th e entir e tre e 

Cankers enlarg e mostl y alon g axi s 
of tree . Olde r area s o f canke r dr y u p 
and shrink . Gu m ma y exud e fro m 
cracks. Pycnidi a develo p unde r bar k 

Pycnidia o n dea d twi g an d 
on canke r o n branc h 

FIGURE 92. 
Disease cycle of the Cytospora (= Valsa) canker of peach and most other trees. 

2
8

7
 



288 PLANT DISEASES CAUSED BY FUNGI 

that dry out and harden and remain on the canker for several days or 
weeks. Most infections take place in the dormant season, particularly in 
late fall or early winter and in late winter or early spring. Weakened 
injured trees, however, may be infected throughout the growing season. 
Both the mycelium and the conidia of the fungus can live over winter on 
the infected parts. 

Infection of small twigs can occur through injuries or leaf scars. In 
larger branches, wounds of any kind, broken branches and pruning stubs, 
winter injuries and sunscalds also make ideal points of entry for the 
fungus. The fungus becomes established in dead bark and wood and 
invades the surrounding tissues to form a canker. The fungus grows 
through the cells in the bark and the outer few rings of the wood. 

Control measures for the Cytospora canker depend on: good cultural 
practices such as watering and fertilization to keep the trees in good 
vigor; avoiding wounding and severe pruning of trees; removing cankers 
from trunks and large branches during dry weather and treating the 
wound and all pruning cuts with a disinfectant and a wound dressing; 
removing and burning cankered and dead branches and twigs; pruning as 
late in the spring as possible and spraying with Phygon XL immediately 
after pruning and before it rains. The above practices help but do not 
completely prevent Cytospora canker. 
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ANTHRACNOSE DISEASES 
CAUSED BY ASCOMYCETES AND 
IMPERFECT FUNGI 

Anthracnoses are diseases of the foliage, stems, or fruits which typically 
appear as small or large, dark-colored spots or slightly sunken lesions 
with a slightly raised rim. In addition to leaf spots, anthracnoses often 
have a prolonged initial stage in fruit infection and may cause twig or 
branch dieback. In some anthracnoses, particularly serious on some fruit 
crops, the symptoms appear as small spots with raised, corky surfaces. 
Anthracnose diseases of fruit often result in fruit drop and fruit rot. 
Anthracnoses are caused by fungi that produce their asexual spores, 
conidia, within small, black acervuli arranged in the lesion concentrically 
or in a scattered manner. 

Four ascomycetous fungi, Diplocarpon, Elsinoe, Glomerella, and 
Gnomonia, belong to this group, although a few of their species produce 
conidia in pycnidia rather than acervuli. Actually, these fungi are found 
in nature mostly in their conidial stage and can overwinter as mycelium 
or conidia, yet, some more frequently than others also produce asco
spores in perithecia which may overwinter. The main anthracnose and 
related diseases caused by these fungi are listed below. 

Diplocarpon, causing black spot of rose (D. rosae), leaf scorch of strawberry (D. 
earliana), and leaf spot of hawthorn [D. maculata). 

Elsinoe (conidial stage: Sphaceloma), causing anthracnose of grape [E. am-
pelina), of dogwood (£. corni), of raspberry (£. veneta), and scab of citrus [E. 
australis and E. fawcetti), of avocado [E. perseae), of pansy violet, and of 
poinsettia. 

Glomerella (conidial stage: Colletotrichum or Gloeosporium), causing an
thracnose of azalea, cyclamen and sweet pea, bitter rot of apple and cran
berry, dieback and canker of camellia and privet, and ripe rot of grape and 
other fruits [G. cingulata), anthracnose of soybean (G. glycines), of cotton 
(G. gossypii), and of bean (G. lindemuthiana). 

Gnomonia, causing anthracnose of walnut [G. leptostyla), of oak [G. veneta) 
(Fig 93A), of sycamore {G. platani) (Fig 93B), of linden (G tiliae), and leaf spot 
of elm [G. ulmea) (Fig 93C) and of hickory [G. caryae). 

The acervulus-producing Imperfect Fungi make up the order Melan-
coniales. The most important plant pathogenic fungi that produce acer
vuli are Colletotrichum [=Gloeosporium], Coryneum, Cylindrosporium, 
Marssonina, Melanconium, and Sphaceloma. Some of these are the coni
dial stages of some of the Ascomycetes that cause anthracnose diseases. 
Thus, several Colletotrichum or Gloeosporium species produce a 
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FIGURE 93. 
(A) Young oak leaves and twigs killed by the anthracnose fungus Gnomonia 
veneta. (B) Defoliated and dead twigs of sycamore tree showing anthracnose 
caused by Gnomonia veneta (G. platani). (C) Elm leaf spot caused by Gnomonia 
ulmea. (D) Black spot of rose caused by Diplocarpon rosae. (E) Scanning electron 
micrograph of Marssonina juglandis acervulus with conidia. (F) Anthracnose of 
poplar caused by Marssonina sp. Note lesions on veins and petiole. (G) 
Anthracnose symptoms on maple leaf caused by Gloeosporium apocryptum. 
(Photo Ε courtesy M. F. Brown and H. G. Brotzman.) 
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Glomerella-typt perfect stage and the diseases caused by these species are 
discussed as Glomerella diseases; some Cylindrosporium species have a 
Coccomyces (or Higginsia)-type perfect stage and some a Myco-
sphaerella-type perfect stage; some Marssonina species have a Diplo-
carpon- or Gnomonia-type perfect species; and most Sphaceloma species 
have an Elsinoe-type perfect stage. For some species of these same fungi, 
however, and for all species of Coryneum and Melanconium, no perfect 
stage is known yet. 

In addition to the diseases described or listed as caused by acervulus-
producing fungi that have perfect stages, some of the other important 
plant diseases caused strictly by the imperfect stages of the fungi are: 

Colletotrichum [=Gloeosporium), causing anthracnose of cereals and grasses 
(C. graminicola), of cucurbits (C. lagenarium), of lima bean (C. truncatum), 
anthracnose of peony, anthracnose or fruit rot of eggplant and of tomato 
(C. phomoides), red rot of sugarcane (C. falcatum), anthracnose of pepper, 
spinach, turnip, cauliflower, etc., onion smudge (C. circinans), ana black 
scale of lily bulbs, anthracnose of citrus, fig, olive, avocado, and of many 
other plants. 

Coryneum, causing "Coryneum blight," "shot hole ; / or "fruit spot" of stone 
fruits, especially peach and apricot. 

Melanconium, causing bitter rot of grapes. 

Anthracnose diseases, particularly those caused by Colletotrichum 
= Gloeosporium or Glomerella group, are very common and destructive 
on numerous crop and ornamental plants and their geographic distribu
tion is in most cases worldwide. Although severe everywhere, anthrac
nose diseases cause their most severe losses in the tropics and subtropics. 

• Diplocarpon Diseases: Black Spot of Rose 

The black spot of rose appears as small to large circular, black lesions on 
the leaves (Fig. 93D). The spots are consistently black, have fringed 
margins and may coalesce to produce large, irregular, black lesions. The 
leaf tissue around the lesions turns yellow and often, when severely 
infected, entire leaves become yellow and fall off prematurely leaving the 
canes almost completely defoliated. 

The fungus, Diplocarpon rosae, produces ascospores in tiny apothecia 
formed in old lesions, and Marssonina-type conidia in acervuli forming 
between the outer wall and cuticle of the epidermis (Fig. 93E). The con
idiophores arise from a thin black stroma, are short, and give rise to 
successive crops of conidia. The abundant conidia production pushes up 
and ruptures the cuticle. The fungus overwinters as mycelium or as 
ascospores and conidia in infected leaves and, in roses, in the canes. Both 
kinds of spores can cause primary infections of leaves in the spring by 
direct penetration. The mycelium grows in the mesophyll but within two 
weeks forms acervuli and conidia at the upper surface. Conidia are pro
duced throughout the growing season and cause repeated infections dur
ing warm, wet weather. 

Control of Diplocarpon diseases is through sanitation, such as remov
ing and burning infected leaves, cutting back the canes of diseased rose 
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plants and spraying with benomyl, zineb, or applying sulfur-copper dust. 
Applications should begin as soon as new leaves appear in the spring or at 
the first appearance of black spot on the foliage and then repeated at 7- to 
10-day intervals or within 24 hours after each rain. 

G L O M E R E L L A D I S E A S E S 

At least four species of Glomerella cause serious anthracnose diseases of 
numerous important annual crop and ornamental plants, while one, G. 
cingulata, also causes cankers and dieback of woody plants such as 
camelia and privet, bitter rot of apples, and ripe rot of grape, pears, 
peaches and other fruits. 

• Glomerella Anthracnose Diseases of 
Annual Plants 

The most important such diseases are those on bean, cotton, soybean, and 
sweet pea. Although different species of the fungus are responsible for the 
disease on each of these hosts, the life cycles of the fungi, the symptoms, 
the disease development, and control are approximately the same in all 
cases. 

The diseases are present wherever their hosts are grown, although they 
are more severe in warm to cool, humid areas, and generally are not a 
problem under dry conditions. Plants in all stages of growth are subject to 
anthracnose. The fungus is often present in or on the seed produced in 
infected pods or bolls. Infected seed may show yellowish to brown 
sunken lessions of various sizes. When infected seeds are planted, many of 
the germinating seeds are killed before emergence. Dark-brown, sunken 
lesions with a pink mass of spores in the center are often present on the 
cotyledons of young seedlings. The fungus may destroy one or both of the 
cotyledons while its spores spread onto the hypocotyl and the mycelium 
moves into the stem. On the stem the fungus produces numerous small, 
shallow, reddish-brown specks that subsequently enlarge, become elon
gated, and finally sunken. The lesions are covered with myriads of pink- to 
rust-colored spores. If conditions are humid, the lesions may be so 
numerous that they girdle and weaken the stem to the point where it 
cannot support the top of the plant. The fugus also attacks the petioles 
and the veins of the under side of the leaves, on which it causes long, 
dark, brick-red to purplish colored lesions that later turn dark drown to 
almost black. Few lesions are produced between the veins in bean, but 
they are rather common on cotton, and in sweet pea they may involve the 
entire leaf (Fig. 94, B, C). 

The anthracnose fungi also attack and cause their most characteristic 
symptoms on the bean pods and on the cotton bolls. On the latter, the 
fungus seems to produce numerous lesions which spread and coalesce 
and cover most or all the surface of young cotton bolls, with almost 
continuous masses of spores covering the infected area. On pods, small 
flesh- to rust-colored elongated lesions appear which later become 
sunken, circular and about 5 to 8 mm in idameter. Lesions developing on 
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FIGURE 94. 
(A) Scanning electron micrograph of acervulus of Colletotrichum graminicola 
showing setae (the long structures) and conidia. (B) Bean anthracnose lesions on 
stems, petioles and leaves caused by Glomerella (Colletotrichum) 
lindemuthiana. (C) Bean anthracnose on pods. (D) Watermelon anthracnose 
caused by Colletotrichum lagenarium. (E) Onion smudge caused by 
Colletotrichum circinans. (F) Tomato anthracnose caused by Colletotrichum 
phomoides. (G) Anthracnose on peppers caused by Glomerella cingulata. (Photo 
A courtesy M. F. Brown and H. G. Brotzman. Photo Β courtesy G. C. 
Papavizas. Photo Ε courtesy U.S.D.A.) 
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young pods may extend through the pod and even to the seed, while in 
older pods the lesions do not extend beyond the pod. As the pods mature, 
the margin of the lesions is generally slightly raised, while the pink spore 
masses of the lesions dry down to gray, brown, or black granulations or to 
small pimplelike protrusions. 

• Glomerella Fruit Rots 

The most important such diseases are bitter rot of apple and ripe rot of 
grape. 

Bitter rot is worldwide in distribution and in warm, humid weather 
may cause enormous losses by destroying the entire crop of apples just a 
few weeks before harvest. Bitter rot symptoms may appear when the fruit 
is half grown, but more frequently when it approaches its full size. The 
rot starts as small, light brown areas that enlarge rapidly and become 
circular and somewhat sunken in the center. The surface of the spots is 
smooth at first and may be dark brown or black until the spots are 1 to 2 
cm in diameter. Then numerous, slightly raised cushions appear mostly 
near the center of the spots and some extending outward toward the edge 
of the spots. In humid weather, the cushions produce creamy masses of 
pink colored spores, sometimes arranged in concentric circles, the rotted 
area expands rapidly and more rings of spore masses appear (Fig. 9 5 ) . In 
older rotted areas the pink masses disappear and the tissue becomes dark 
brown to black, wrinkled, and sunken. The rot also spreads inward to
ward the apple core forming a cone of somewhat watery, rotted tissue 
that may or may not be bitter. When, as it is common, several spots 
develop on a fruit, they usually enlarge, fuse and rot the entire fruit which 

FIGURE 95. 
Bitter rot of apple caused by Glomerella cingulata. Note the concentric 
arrangement of Gloeosporium-type acervuli. (Photo courtesy U.S.D.A.) 



DISEASES CAUSED BY ASCOMYCETES AND IMPERFECTS 295 

may drop and mummify or mummify and cling on the twig. Bitter rot 
infections may occur in the fall but fail to develop appreciably during cold 
storage. When, however, the fruit is marketed and kept at room tempera
ture, bitter rot may develop very rapidly. Bitter rot cankers on the limbs 
are rare and resemble those produced on branches and stems described 
above. 

Ripe rot of grape and other fruits is also worldwide in distribution but 
is most serious in areas with warm, humid weather during the ripening of 
the fruit. Ripe rot appears when the fruit is nearly mature and may 
continue its destruction of fruit after it has been picked, during shipment, 
and marketing. On white or light-colored grapes, a small reddish-brown 
spot appears at first. It soon spreads to over half the berry and becomes 
darker with a purplish center and a light-brown border. In dark-colored 
grapes no appreciable change of color is caused by the rot on the berries. 
As the disease progresses, the whole berry rots, usually in a continuous 
manner but sometimes marked by a series of concentric zones. By this 
time, the rotted berry becomes more or less densely covered with numer
ous, small slightly raised pustules from which, in humid weather, pink
ish slimy masses of spores ooze out. Later, the spore masses become 
darker, almost reddish-brown. The rotted berries then develop a sunken 
area at the point of infection and gradually become more or less shriveled 
and mummified while the pustules continue to produce spores. Infected 
berries often "shell" or drop off before the rot causes them to dry up. 

The fungus, Glomerella sp., occasionally produces ascospores in 
perithecia on overwintering fruit and cankers of some hosts, but in other 
hosts ascospores and perithecia almost never develop. In all hosts, how
ever, the fungus reproduces profusely by forming pink masses of Colleto-
trichum- or Gloeosporium-type conidia in acervuli (Fig. 96). The acervuli 
consist of a cushion stroma of mycelium several to many cells thick and 
develop just beneath the cuticle which is ruptured by the upward pressure 
of the developing mass of conidiophores and conidia. The conidia are held 
together in a sticky mass which is firm and horny in dry weather, but 
under humid, moist weather the conidia are released in a pinkish mass 
and may be washed or spattered by raindrops or carried by wind-blown 
mist and insects. 

The fungus usually overwinters in diseased stems, leaves, and fruit as 
mycelium or spores, in the seed of most affected annual hosts, and in 
cankers of perennial hosts. In the cases where ascospores are produced in 
mummified fruit, cankers, etc., they may cause primary infections in the 
spring, but generally these are not necessary. The surviving mycelium 
quickly produces conidia in the spring which can themselves cause pri
mary infections and subsequent continuous secondary infections during 
the entire season as long as temperature and humidity are favorable. 
Infection is by direct penetration of uninjured tissue and the mycelium 
grows intercellularly for some time before the cells begin to collapse and 
rot. The mycelium then produces acervuli and conidia just below the 
cuticle which upon rupture release conidia again that cause more infec
tions. The fungus generally requires high temperatures and humidity for 
best activity and although it can attack young cotyledons, stems, and 



296 PLANT DISEASES CAUSED BY FUNGI 

Infection o f variou s plant s an d organ s 

Germination o f 
conidium an d 
penetration o f 
tissue 

Early infectio n an d 
invasion of . tissu e 

Invaded tissue s di e an d 
collapse formin g sunke n 
area | 

Acervuli wit h masse s o f pinkis h 
conidia develo p o n infecte d 
area ^ 

Canker Rotte n frui t 
Fungus overwinter s a s mycelium , 
perithecia o r conidi a i n rotte n fruit , 
seed, plan t debri s o r canker s 

Anthracnose symptom s o n variou s plant s an d organ s 

Acervuli i n enlargin g 
circular sunke n infecte d 
areas 

DTeann)0 f f A p p l e b i t t e r r o t Tomat o lesion s Vein necrosi s L e a f n e i r o s i s Onio n smudg e 

FIGURE 96. 
Disease cycle of the anthracnose diseases caused by Glomerella cingulata and 
Colletotrichum or Gloeosporium sp. 

leaves, it cannot attack young fruit until they are past a certain stage of 
development and maturity. 

Control of Glomerella diseases depends on the use of disease-free seed 
grown in the arid west or use of treated seed, and also crop rotation of 
hosts like bean, soybean, sweet pea, and cotton, the use of resistant 
varieties when available, removal and burning of dead twigs, branches 
and fruit infected with the fungus in woody plants, and, finally, on sprays 
with fungicides. The fungicides most commonly used include Bordeaux 
mixture, captan, ferbam, Dikar, mancozeb, captafol, and others, the kind 
of fungicide used and the timing of its application varying considerably 
with the host treated. 

• Gnomonia Anthracnose and Leaf Spot 
Diseases 

In Europe, North America and other parts of the world, various species of 
Gnomonia attack mostly forest and shade trees on which they cause 
symptoms primarily on leaves, e.g., elm and hickory, or more general 
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anthracnose symptoms on the leaves and young shoots, or twigs, e.g., 
linden, oak, sycamore, and walnut. Gnomonia diseases are favored by 
wet, humid weather. The various species of the fungus overwinter 
primarily in fallen leaves or on infected twigs as immature perithecia 
which mature and produce ascospores in the spring. Ascospores produce 
most primary infections on young leaves and twigs,- then conidia are 
produced in acervuli, generally of the Gloeosporium type, and cause all 
subsequent infections. Both ascospores and conidia are disseminated 
only during rainy weather. 

In black leaf spot of elm, leaves are infected as they unfold in the spring 
and produce numerous small, irregular spots on the upper leaf surface. 
The spots are yellowish to white at first, but later turn grayish and finally 
black and slightly raised as they enlarge to about 3 mm in diameter (Fig. 
93C). Heavily infected leaves turn yellow and during wet seasons may fall 
off prematurely. Lesions may also form on petioles and shoots. In the 
spots, shiny black dots, consisting of the acervuli of the fungus, form 
during the summer while the leaves are on the trees. In moist weather, 
the tiny acervuli exude a creamy mass of conidia. After leaf fall, asco
spores form in black perithecia embedded in the leaf. 

In walnut anthracnose, small or large subcircular spots are formed 
which often merge and produce large necrotic areas on the leaves. These 
spots or blotches are bordered wittfyellowish leaf tissue. Current shoots 
and the hulls of nuts are also attacked. The shoots develop dead sunken 
areas that are oval to irregularly circular with reddish-brown margins, 
while the hulls develop sunken, dark, circular spots smaller than those on 
the leaves. Infected leaves and nuts often drop prematurely, often as early 
as late July, especially in wet weather. Nutmeats produced by infected 
trees are dark and shrivelled. The conidia of the pathogen are of the 
Marssonina type and appear as black specks on the under side of the 
lesions (Fig. 93E). 

Anthracnose of oak and sycamore were thought to be caused by the 
same species of Gnomonia [G. veneta), but more than one species of the 
fungus seem to be involved. In some host species only the conidial 
stage (Gloeosporium sp.) has been found. To date, sycamore anthracnose 
is believed to be caused by G. platani. 

In oak anthracnose, shoots die back in the spring and irregular, brown 
diseased areas develop on the leaves along the midrib and the major side 
veins in the spring and midsummer. If infection occurs early, the diseased 
areas or blotches may coalesce by late spring or early summer thus 
forming large, irregular, necrotic areas with a papery texture which are 
usually confined to the areas bordered by the larger veins (Fig. 93A). 
Severely infected leaves, found mostly in the lower branches, are fre
quently killed and fall off. The dark-brown acervuli of the fungus appear 
as raised pustules late in the season and are usually located on the midrib 
and the other infected veins of the leaves. The fungus also attacks young 
twigs on which it produces small, shallow cankers that may result in 
dieback of the crown. 

Sycamore anthracnose is the most important disease of sycamore 
[Platanus sp.). The disease may appear as twig blight before leaf 
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emergence at which time it kills the tips of small, one-year-old twigs. 
During bud expansion, the disease may appear as bud blight killing the 
buds before they open. The most frequently observed symptom is shoot 
blight in which the disease causes the sudden death of expanding shoots 
and also young leaves. The killing of leaves while they are still very small 
has often been confused with frost damage. Later the fungus may cause a 
leaf blight in which irregular brown areas develop adjacent to the midrib, 
veins, and leaf tips. In moist weather, small, cream-colored acervuli form 
on the under side of the leaf on dead tissue along the veins. In some years, 
sycamores may be completely defoliated in the spring by this disease and 
produce new leaves in the summer. From the buds or leaves, the fungus 
spreads into the twigs on which it produces cankers, or the fungus may 
spread through and kill small twigs and form cankers on the branches 
around* the bases of the dead twigs (Fig. 93B). In trees severely affected 
with anthracnose for several successive years many branches may die. 
The fungus overwinters as mycelium and as immature perithecia in twig 
cankers and in fallen leaves. As in the other anthracnose diseases, this too 
is favored by rainy weather and rather cool temperatures. 

Control of Gnomonia diseases in trees under forest conditions is not 
economically feasible. In shade and ornamental trees, however, burning 
of leaves, pruning of infected twigs, fertilization and watering help reduce 
the disease. Valuable trees should be sprayed two to four times at 10- to 
14-day intervals starting as soon as the buds begin to swell (sycamore) or 
soon after the buds open. The fungicides most commonly recommended 
are zineb, Bordeaux mixture, and dodine. 

• Colletotrichum (= Gloeosporium) Diseases 

They are the most common anthracnoses and are very similar, if not 
identical, to the diseases caused by Glomerella. The latter is probably the 
sexual stage of most or all species of Colletotrichum (= Gloeosporium). 

On cereals and grasses, the fungus, which lives saprophytically on crop 
residue, may attack young seedlings but, usually, it attacks the tissues at 
the crown and the bases of stems of more developed plants. Infected areas 
first appear bleached but later become brown. Brownish blotches often 
develop at or near diseased joints. Toward maturity of the plant, numer
ous small black acervuli appear on the stems, lower leaf sheaths, and 
sometimes on the leaves and on the chaff and spikes of diseased heads 
(Fig. 94A). Depending on how early the plant is attacked and on the severity 
of the disease, the plant may show a general reduction in vigor, premature 
ripening or dying of the head, and shriveled grain. The fungus occasion
ally causes superficial infection on seeds and it can also overwinter as 
mycelium on the seed. When seedborne, the fungus may result in root rot 
and crown rot of the developing plant. 

Anthracnose is probably the most destructive disease of cucurbits 
everywhere, being most severe on watermelon, cantaloupe, and 
cucumber. All aboveground parts of the plants are affected. Symptoms 
appear first on the leaves as small, water-soaked, yellowish areas that 
enlarge from several millimeters to 1 to 2 centimeters and become black 
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in watermelon, while in all other cucurbits they turn brown. Infected 
tissues dry up and break. Lesions also develop on the petioles, which may 
result in defoliation of the vine; on the fruit pedicel, which causes the 
fruit to turn dark, shrivel and die,- and on the stem, which weaken or kill 
whole vines. The fruit becomes susceptible to infection at about the time 
of ripening. Circular, watery, dark, sunken lesions appear on the surface 
of the fruit that may be from 5 mm to 10 cm in diameter and up to 8 mm 
in depth (Fig. 94D). The lesions expand rapidly in the field and during 
transit or storage, and may coalesce to form larger ones. The sunken 
lesions have dark centers which in moist weather are filled with pink 
spore masses exuding from acervuli that break through the cuticle. Se
verely affected fruits are often tasteless or even bitter and are often 
invaded by soft-rotting bacteria and fungi that enter through the broken 
rind. The fungus overwinters in infected debris in the soil and on or in the 
seed. 

In tomato, and other vegetables and fruits, anthracnose or ripe rot 
results in serious losses of fruit and occasionally in damage to stems and 
foliage. Canning tomatoes are particularly susceptible to anthracnose 
before and after harvest but other tomatoes, as well as eggplant, pepper, 
apple, pear, banana, etc., may be attacked in a similar manner from the 
time ripening begins through harvest and in storage. In early stages of 
tomato infection, the symptoms appear as small, circular, sunken, 
water-soaked spots resembling indentations caused by blunt circular ob
jects. As the fruit softens, the spots enlarge up to 2 to 3 cm in diameter 
and their central portion becomes dark and slightly roughened due to 
black acervuli developing just beneath the skin (Fig. 94, F, G). The spots 
are often numerous and coalesce, leading to the eventual watery soften
ing of the fruit and finally rotting of the fruit, sometimes accelerated by 
other invading microorganisms. Enormous numbers of conidia are pres
ent in acervuli below the skin even in the smallest spots and, under some 
conditions, pink or salmon-colored masses of spores are also produced on 
the surface of the spots. The fungus overwinters in infected plant debris 
and in or on the seed. The fungus may cause light infections of foliage and 
young stems that may go unnoticed but these enable the fungus to 
survive and multiply somewhat until the fruit begins to ripen and be
comes susceptible to infection. High temperatures and high relative 
humidity or wet weather at the time of ripening favor infection and spread 
of the fungus and often lead to destructive epidemics. 

In onion smudge, dark-green or black smudges appear on the outer 
scales or neck of the bulbs primarily of white onions (Fig. 94E), although 
most colored varieties are also partially susceptible especially in the 
colorless region of the bulb neck. The smudgy spots first appear as tiny 
black stomata or visible mycelium beneath the cuticle of the scale and 
may be scattered over the surface of the bulb; more commonly, they 
congregate in uniformly black, smudgy, circular areas or are arranged in 
concentric circles, the outer one being up to two or more centimeters in 
diameter. In moist weather the stromata produce acervuli filled with 
cream-colored spore masses and containing numerous black, stiff, 
bristlelike hairs (= setae) visible with a hand lens. The fungus attacks 
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inner, living scales only under very favorable high moisture and tempera
ture and, usually, underneath spots on outer scales or where the outer 
scales have cracked and exposed the inner scales to the soil. The fungus 
overwinters as mycelium or stromata on infected onions, on sets, and in 
the soil as a saprophyte. 

In citrus and especially orange, grapefruit, and lemon, anthracnose 
affects all mature, weakened, or injured aboveground plant parts, includ
ing leaves, twigs and fruit. Anthracnose may occur on trees of any size, in 
the nursery or in the orchard, but it rarely develops on vigorously growing 
trees. Anthracnose is common, however, on trees that are weakened or 
injured from inadequate fertilization, drought, low temperatures, spray 
injury, insects, other diseases, etc. Anthracnose leaf spots bring about 
death and drying of infected tissues with minute black acervuli produced 
in concentric circles in the dead areas. During severe infections, defolia
tion may occur. Weakened twigs are invaded by the anthracnose fungus 
and die back slowly or rapidly, resulting in what is called withertip. 
Leaves in affected twigs turn yellow, wither and drop, or they die quickly 
and dry before they can fall off. Affected branches also lose fruit. Numer
ous, small, black, pimplelike acervuli develop on the dead portions of 
twigs. On dying or dead areas of tr̂ e surface of citrus fruits, anthracnose 
fruit spots develop that are circular and sunken and vary from tiny specks 
to dark-brown or black areas 5 to 10 mm in diameter. The spots become 
dry and hard and sometimes are dotted with small black acervuli that in 
humid weather exude masses of pinkish spores. Although anthracnose 
fruit spots generally affect only the rind, the disease often extends into 
the pulp and gives it a disagreeable or bitter taste. Some strains of the 
anthracnose fungus cause a soft decay that results in fruit drop. Also, often 
other fungi invade the fruit through anthracnose spots and speed up the 
rate of fruit decay. Overripe fruit is particularly susceptible to anthrac
nose infection. When spores of the anthracnose fungus are washed over 
fruits from dead twigs, etc. and then germinate on the fruit, they cause 
anthracnose russeting of the fruit. The russeting may appear as a large 
blotch or as a tear stain. 

The fungus, Colletotrichum or Gloeosporium sp., produces colorless, 
one-celled, ovoid, cylindrical, and sometimes curved or dumbbell-
shaped conidia in acervuli. Masses of conidia appear pink or salmon 
colored. The acervuli are subepidermal and breaking out through the 
surface of the plant tissue, disk- or cushion-shaped, waxy, with simple 
short, erect conidiophores. Colletotrichum has been distinguished from 
Gloeosporium by the fact that Colletotrichum acervuli have dark, long 
spines, or sterile hairlike hyphae while Gloeosporium acervuli do not. 
However, this is not always so and, therefore, the distinction of the two 
genera is often impossible and they are often considered as the same 
fungus. As mentioned earlier, many Colletotrichum species also produce 
an ascigerous perfect stage, usually Glomerella, occasionally Physalos-
pora or others, while many Gloeosporium species have as perfect stage 
the ascomycetes Glomerella or Gnomonia, and occasionally others. 

The fungus is favored by high temperatures and humid or moist 
weather. The conidia are released and spread only when the acervuli are 
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wet and are generally spread by splashing and blowing rain or by coming 
in contact with insects, other animals, tools, etc. The conidia germinate 
only in the presence of water. Upon germination they produce an appres-
sorium and penetration peg and penetrate the host tissues directly (Fig. 96). 
In the beginning the hyphae may grow rapidly, both intercellularly and 
intracellularly, but cause little or no visible discoloration or other symp
toms of disturbance. Then more or less suddenly, especially when fruits 
begin to ripen, the fungus becomes more aggressive and symptoms appear. 
In many hosts the fungus reaches the seed and is either carried on the seeds 
or, in some, it may even invade a small number of seeds without causing 
any apparent injury to them. There is considerable variability in the kinds 
of host plants each species of Colletotrichum or Cloeosporium can at
tack, and there may be several races with varying pathogenicity within 
each species of the fungus. 

Control of Colletotrichum or Gloeosporium diseases depends on the 
use of disease-free seed or seed treated with chemicals and hot water, on a 
two- to three-year crop rotation when possible, on the use of resistant 
varieties which are available for several annual crops, and the use of 
fungicides such as benomyl, maneb, zineb, chlorotholonil, captafol, and 
folpet. 

• Coryneum Blight of Stone Fruits 

It is found throughout the world although its importance varies considera
bly. It attacks twigs, buds, blossoms, leaves, and fruit, primarily of peach 
and apricot but also of nectarine and sweet cherry and, less, of other stone 
fruits. Infected buds die and have a shiny-black appearance due to a glisten
ing layer of gum. On peach, small purplish, raised spots appear that later 
become black cankers and produce masses of gum in wet weather. Large, 
gum-exuding cankers may also occur on large limbs and trunks. Severely 
infected twigs are killed in the late spring and early summer and even 
branches and sometimes entire trees may die. Blossoms are usually killed 
as a result of bud infection but sometimes also as a result of cankers 
developing at the base of the flower pedicel. Leaf symptoms at first appear 
as scattered brown spots but the affected tissue soon falls out leaving a 
"shot-hole" effect. Leaf spots sometimes enlarge and involve a considera
ble area of the leaf surface which also falls out and gives the leaf a ragged 
appearance. The most distinctive symptoms of Coryneum blight occur on 
the fruit. Small, circular, purple-brown spots with light centers appear on 
young fruit when it is 1 to 2 cm in diameter. The spots later become 
slightly raised above the fruit surface and feel rough. The spots are usually 
more numerous on the upper side of the fruit. On peach fruit the spots are 
larger than those on apricot, they exude gum freely and result in an 
unevenly developed and misshapen fruit. 

The fungus, Coryneum beijerinckii, produces only conidia that are 
dark olivaceous in color, four- to six-celled, ovoid to spindle-shaped, 
straight, or slightly curved. The conidia are produced singly on simple, 
slender conidiophores produced in black, cushion- to disk-shaped acer
vuli that form below the cuticle or below the outer cortex. The fungus 
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overwinters as mycelium in dormant buds and in cankers on the twigs 
and branches. Coryneum produces conidia throughout the growing sea
son, i.e., from the time the trees bloom until fall. Affected buds produce 
conidia for two successive years while the cankers produce conidia for 
three or more years. The conidia are relased from their conidiophores only 
in the presence of moisture and are splashed or washed by rain over the 
surface of fruits, leaves, and branches. Conidia germinate on wet plant 
tissues by producing several germ tubes which penetrate the host directly 
through the cuticle. The invading hyphae spread within a limited area of 
the host tissues and then again push to the surface where they produce 
acervuli and a new crop of conidia. 

Control of Coryneum blight depends on removal of all dead wood and 
cankered twigs during pruning and on the application of fungicides such 
as Bordeaux mixture in the early fall and again at the shuck-fall stage. 
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FRUIT AND GENERAL 
DISEASES CAUSED BY ASCOMYCETES 
AND IMPERFECT FUNGI 

This group of diseases is caused by Ascomycetes and Imperfect Fungi 
other than those already described and are most commonly found on the 
fruit or cause most of their damage by their effect on the fruit although 
they may affect other parts of the plant as well. Most of these fungi 
differ considerably from each other in fruiting structures, life cycles, and 
in the diseases they cause although most of these Ascomycetes produce 
ascospores in perithecia and both, Ascomycetes and Imperfects, produce 
conidia on free hyphae. The most common ascomycetous fungi and the 
most important diseases they cause are the following: 

Claviceps purpurea, causing ergot of cereals and grasses. 
Diaporthe citri, causing pod blight of lima beans, stem canker of soybeans and 

melanose of citrus fruits. 
Physalospora, causing black rot, frogeye leaf spot, and canker of apple (P. 

obtusa), oak canker and dieback [P. glandicola), blight and black canker of 
willow [P. miyabeana), canker and dieback of many tropical trees such as 
citrus, cacao, coconut, rubber, and tropical forest trees [P. rhodina). 

Venturia inaequalis, causing apple scab. 
Monilinia fructicola, causing brown rot of stone fruits. 

The most common Imperfect Fungi causing fruit and general diseases 
on plants are the following: 
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FIGURE 97 (A,B). 
(A) Ergot of rye caused by Claviceps purpurea. The long, hornlike structures on 
the rye head are the sclerotia of the pathogen. (B) Ergot sclerotia of various shapes 
and sizes. 

Alternaria, causing leaf spots, blights, fruits rots, damping off, collar rots, and 
tuber rots of many vegetables, flowers, fruit trees, etc. 

Botrytis, causing blossom blights and fruit rots, but also damping off, stem 
cankers or rots, leaf spots, and tuber, corm, bulb and root rots of many 
vegetables, flowers, small fruits, and other fruit trees. 

Fusicladium, causing scab of pome fruits, peaches and pecan. 
Phomopsis, causing blights of eggplant, carrot, azalea, juniper, stem canker of 

gardenia, dead arm disease of grape, and stem-end rot of citrus fruits. 

• Ergot of Cereals and Grasses 

Ergot occurs throughout the world, most commonly on rye but also on 
wheat and less frequently on barley and oats. It is also very common on 
certain wild and cultivated grasses. An ergot disease affecting corn occurs 
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FIGURE 97 (C). 
Disease cycle of ergot of grains caused by Claviceps purpurea. 

in Mexico. The disease causes loss of some of the grains in infected heads, 
occasionally resulting in losses of up to 5 percent in rye and 10 percent in 
wheat, but its main importance is due to the fact that the characteristic 
fungal fruiting structures (ergot sclerotia) that replace the grains are 
poisonous to humans and animals that eat them. 

The symptoms of ergot appear at first as creamy to golden-colored 
droplets of a sticky liquid exuding from young florets of infected heads. 
These droplets may go unnoticed, but they are each soon replaced by a 
hard, horn-shaped, purplish-black fungal mass that is usually a few mil
limeters in diameter but may be from 0.2 to 5.0 cm long. These are the 
sclerotia of the fungus, sometimes called ergots, that grow in place of the 
kernel and consist of a hard compact mass of fungal tissue which in cross 
section appears white or faintly purple (Fig. 97A,B). 

Ergot is caused by Claviceps purpurea and other Claviceps species. 
The fungus overwinters as sclerotia on or in the ground, or mixed with 
the seed. In the spring, about the time cereals are in bloom, sclerotia on or 
near the surface of the soil germinate by forming from one to sixty 
flesh-colored stalks 0.5 to 2.5 cm tall (Fig. 97C). The tip of each stalk 
consists of a spherical head at the periphery of which are embedded 
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numerous perithecia each containing many asci. Each ascus contains 
eight long, multicellular ascospores. The ascospores are discharged forci
bly into the air, are picked up by air currents and are carried by wind or 
insects to young open flowers. There they germinate and infect the 
ovaries directly or by way of the stigma. Within about a week the fungus 
in the ovary tissues produces spreading, stromalike sporodochia that 
produce numerous conidia of the Sphacelia type. The conidia are floating 
in a sticky liquid and exude from the young florets as creamy or golden 
droplets which are known as the "honey dew" stage. The liquid of the 
"honey dew" stage is sugary and attractive to insects which visit such 
infected flowers, become smeared with the conidia of the fungus present 
in the "honey dew" and carry them to other healthy flowers which the 
conidia promptly infect. Conidia are probably spread to other flowers by 
splashing rain resulting in more infections. Gradually, the secretion of 
the "honey dew" ceases and each infected ovary, instead of producing 
normal seed, becomes replaced by a hard mass of fungal mycelium which 
eventually forms the characteristic ergot sclerotium. The sclerotia ma
ture about the same time as the healthy seeds and either fall to the ground 
where they overwinter, or they are harvested with the grain and may be 
returned to the land with the seed. 

Although ergot does not cause ergotism in humans nearly as often or 
as severely as it used to, it is probable that it is involved in many otherwise 
unexplainable poisonings of humans and it certainly continues to be of 
economic importance as an animal disease. Grain containing more than 
0.3 percent by weight of the ergot sclerotia is classed as ergoty and can 
cause ergotism. Although most of the sclerotia can be removed from 
ergoty grain with modern cleaning machinery, it is costly and quite often 
difficult to remove enough sclerotia to meet the legal standards and the 
remaining traces have often proven toxic to livestock. Feeding livestock 
with cleanings from contaminated grain or grazing pastures that have 
infected grass heads can also lead to reproductive failure or gangrene of 
the peripheral parts of the animals. 

Control of ergot depends entirely on cultural and sanitary procedures. 
Only clean seed or seed that has been freed from ergot should be sown. 
Sclerotia may be removed from seed by machinery or by soaking con
taminated seed for 3 hours in water and then floating off the sclerotia in a 
solution of about 18 kg salt in 100 liters of water. Ergot sclerotia do not 
survive for more than a year and do not germinate if buried deep in the 
ground. Therefore, deep ploughing and/or crop rotation with a noncereal 
for at least a year helps eliminate the pathogen from a particular field. 
Wild grasses should be mowed or grazed before flowering to prevent 
production of ergot sclerotia on them and avoid poisoning of livestock 
through them and also to prevent the spread of the fungus to cultivated 
cereals and grasses. 

• Apple Scab 

Apple scab exists in every country where apples are grown. It is most 
severe in areas with cool, moist springs and summers, however, and may 
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be completely absent in areas with very dry or warm climates. In the 
United States it is most serious in the north central and northeastern 
states. The disease affects all apples in the genus Malus, but similar scab 
diseases affect pears and hawthorns. 

Scab is the most important disease of apples. Its primary effect is the 
reduction of quality of infected fruit, but it also reduces fruit size and the 
length of time infected fruit can be kept in storage. Infection of the stem 
of young fruit results in premature fruit drop. Severe leaf infections result 
in reduction of the functioning leaf surface, defoliation, and poor fruit bud 
development for the next year's crop. Losses from apple scab may be 70 
percent or more of the total fruit value. 

Symptoms. The first symptoms appear on the under surface of 
sepals or young leaves of the flower buds as light, somewhat olive-
colored, irregular, spots. Soon after, the lesions become olive green with a 
velvety grayish-dark surface and more circular in outline. Later, the vel
vety surface disappears, the lesions appear metallic black in color and 
may be slightly raised. Lesions on leaves that have already unfolded are 
generally on the upper surface of the leaves (Fig. 98A). The number of 
lesions per leaf varies with the severity of infection. Lesions may remain 
distinct or they may coalesce. After severe early leaf infection, leaves may 
become dwarfed and curled and may later fall off. 

Infections of the fruit appear as distinct, almost circular scab lesions 
which at first are velvety and olive green, but later become darker, 
scabby, and sometimes cracked (Fig. 98B). The cuticle of the fruit is 
ruptured at the margin of the lesions. Severe early fruit infections result 
in misshapen, cracked fruits which frequently drop prematurely. Infec
tions late in the season when the fruit approaches maturity result in 
small lesions which may even be too small to be visible at harvest, but 
develop into dark scab spots during storage. 

Twig and blossom infections appear as small scab spots, but they are 
uncommon and of little importance. 

The pathogen: Venturia inaequalis. The mycelium is at first light in 
color, but later turns brownish in the host tissues. In young leaf lesions 
the mycelium develops radially in branched ribbons of hyphae, but in 
older leaves and on the fruit the mycelial strands are compact and thick 
and in several superimposed layers. In living tissues the mycelium is 
located only between the cuticle and the epidermal cells and produces 
short, erect, brownish conidiophores which successively give rise to sev
eral, one- or two-celled, reddish brown Fusicladium-type conidia of vari
able, but rather characteristic, shape (Fig. 99). In dead leaves the 
mycelium grows through the leaf tissues. Fertilization takes place by 
means of ascogonia and antheridia and perithecia form. The latter, when 
mature, are dark brown to black with a slight beak and a distinct opening 
(ostiole). Inside the perithecium 50 to 100 asci are formed, each contain
ing eight ascospores. Each ascospore consists of two cells of unequal size, 
which are hyaline at first, but turn brown when mature. 

Development of disease. The pathogen overwinters in dead leaves 
on the ground as immature perithecia. Perithecia initially develop in the 
fall and early winter and probably continue to grow during warm periods 
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FIGURE 98 . 
Apple scab symptoms on leaves (A) and young fruit (B) caused by Venturia 
inaequalis. 



309 FIGURE 99. 
Disease cycle of apple scab caused by Venturia inaequalis. 
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in the winter and early spring but rapid growth and ascospore maturation 
occur with the resumption of favorable weather for growth and develop
ment of the host (Fig. 99). Neither all the perithecia nor all the asci of a 
perithecium mature simultaneously, and some may have ascospores be
fore the apple buds start to open in the spring. Most of the ascospores in 
the perithecia, however, mature in the period during which the fruit buds 
open. 

When dead leaves containing perithecia become thoroughly soaked in 
the spring, the asci elongate, push through the ostiole, and forcibly dis
charge the ascospores into the air ; air currents may carry them to suscep
tible green apple tissues. Ascospore discharge may continue for 3 to 5 
weeks after petal fall. 

The ascospores can germinate and cause infection only when they are 
kept wet over a certain minimum period of time at temperatures ranging 
roughly from 6 to 26°C. Thus, for infection to occur, the spores must be 
continuously wet for 28 hours at 6°C, for 14 hours at 10°C, for 9 hours at 
18 to 24°C, and for 12 hours at 26°C. 

Upon germination on an apple leaf or fruit, the ascospore produces a 
disklike appressorium from which a very slender mycelial tube pierces 
the cuticle, and after developing into a hypha of normal diameter, grows 
between the cuticle and the outer cell wall of the epidermal cells. For a 
few days after infection, the epidermal cells show no injury at all, but by 
the time the lesion appears these cells show a gradual depletion of their 
contents, and they eventually collapse and die. Soon the palisade, and 
later the mesophyll, cells exhibit the same reactions, while the fungus 
still remains largely in the subcuticular position. It is assumed that the 
fungus obtains its nutrients and causes the death of the cells by secreting 
enzymes (and possibly toxic substances) that alter the permeability of the 
cell membranes and break down macromolecular components of the cell 
into small molecules which then move along osmotic pressure gradients, 
reach the mycelium and are absorbed by it. 

Once the mycelium is established in the host, it produces enormous 
numbers of conidia which push outward, rupture the cuticle, and within 
8 to 15 days from inoculation, form the olive-green, velvety scab lesions. 
Conidia remain attached to the conidiophores in dry weather, but upon 
wetting during a rain they are easily detached, and may be washed down 
or blown away to other leaves or fruit on which they germinate and cause 
infection in the same way ascospores do. Additional infections by conidia 
continue throughout the growing season following a rain of sufficient 
duration. Infections, however, are more abundant in the cool, wet periods 
of spring and early summer and again in the fall. They are infrequent, if 
not entirely absent, in the dry, hot summer weather. 

After infected leaves fall to the ground, the mycelium penetrates into 
the interior of the leaf and forms perithecia, which carry the fungus 
through the winter. 

Control. Apple scab can be thoroughly controlled by timely sprays 
with the proper fungicides. 

For an effective apple scab control program, apple trees must be dili
gently sprayed or dusted before, during, or immediately after a rain from 
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the time of bud break until all the ascospores are discharged from the 
perithecia. If these primary infections from ascospores are prevented, 
there will be less need to spray for scab the remainder of the season. If 
primary infections do develop, spraying will have to be continued 
throughout the season. In most areas application of fungicides for scab 
control is based upon the phenological development of the trees. Sprays 
begin in the spring when a wetting period (rain) is sufficiently long at the 
existing temperature to produce an infection, and are repeated every 5 to 
7 days, or according to rainfall, until petal fall. One must make sure that 
the new tissues on rapidly expanding young leaves and fruit are always 
covered with fungicide during an infection period. After petal fall, and 
depending on the success of the control program to that point, sprays are 
usually repeated every 10 to 14 days for several more times. 

Several fungicides that give excellent control of apple scab are avail
able. All of them are protectant, since they can protect a plant from 
becoming infected, but they cannot cure an infection, although some of 
them have so-called "kickback" action, i.e., ability to stop infections 
which may have started, and some have an eradicant action, i.e., they can 
"burn out" young scab spots early in the season. Dodine (= Cyprex) gives 
excellent scab control and is one of the fungicides exhibiting local sys
temic action. It reduces spore formation on scab spots and inhibits ger
mination of spores produced on such spots. Excellent scab control is also 
obtained with captan, ferbam, benomyl, Glyodin, Glyodex (a mixture of 
dodine and Glyodin), dichlone (= Phygon), thiram, sulfur, captafol, etc. 
These fungicides may be used alone or in combinations since they differ 
in their ability to control scab or other diseases, in duration of "kickback" 
action, in compatibility with other fungicides, and in phytotoxicity. Cap
tafol has recently been used as a single application treatment at the green 
tip stage of bud development and has been shown to protect new growth 
from scab up to petal fall. 

In some areas, new strains of Venturia inaequalis have appeared that are 
resistant to dodine or to benomyl. These chemicals, therefore, can no 
longer be relied on to control the disease by themselves. 

• Brown Rot of Stone Fruits 

Brown rot occurs throughout the world where stone fruits are grown and 
where there is sufficient rainfall during the ripening period of the fruit. It 
affects peaches, cherries, plums, apricots, and almonds with about equal 
severity. 

Losses from brown rot result primarily by rotting of the fruit in the 
orchard, although serious losses may also appear during transit and mar
keting of the fruit. Yields may be reduced also by destruction of the 
flowers during the blossom blight stage of the disease. In severe infec
tions, and in the absence of good control measures, 50 to 75 percent of the 
fruit may rot in the orchard and the remainder may become infected 
before it reaches the market. 

Symptoms. The first symptoms of the disease appear on the blos
soms (Fig. 100A). Brown spots appear on petals, stamens, or pistils and 
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FIGURE-100. 
(A-E) Brown rot of stone fruits caused by Monilinia fructicola. (A) Blossom 
blight, twig cankers and killing of the tip. (B) Plums rotting on twig and covered 
with tufts of conidia. (C) Mummied peach fruit hanging from the twig and 
producing conidia. (D) Pile of peaches discarded because of brown rot infection. 
(E) Funnel-shaped apothecia of M. fructicola produced on mummied peach fruit 
on the ground. (F) Monilia pod rot of cocoa caused by Monilia roreri. (Photos A, Β 
courtesy Dept. Plant Pathol., Cornell Univ. Photos D - F courtesy U.S.D.A.) 

they spread rapidly, involving the entire flower and its stem. In humid 
weather the infected organs are covered with the grayish-brown conidia 
of the fungus and later shrivel and dry up, the rotting mass clinging to the 
twigs for some time. Twigs bearing infected flowers develop small, ellip
tical, sunken, brown cankers around the flower stem which sometimes 
may encircle the stem and cause twig blight. In humid weather, gum and 
also gray tufts of conidia appear on the bark surface. 



DISEASES CAUSED BY ASCOMYCETES AND IMPERFECTS 313 

Fruit symptoms appear when the fruit approaches maturity. Small, 
circular, brown spots appear which spread rapidly in all directions, and, 
depending on the humidity, are sooner or later covered with ash-colored 
tufts of conidia which break through the skin and are either scattered or 
arranged in concentric rings on the fruit surface (Fig. 100B). One large or 
several small rotten areas may be present on the fruit which finally 
becomes completely rotted and either dries up into a mummy and re
mains hanging from the tree or falls to the ground, where it also forms a 
mummy (Figs. 100, C, D). 

Sometimes small cankers also develop on twigs or branches bearing 
infected fruit. 

The pathogen: Monilinia fructicola, until recently known as 
Sclerotinia fructicola. In addition to M. fructicola, two other species, M. 
laxa andM. fructigena, cause brown rot of stone fruits. The former occurs 
occasionally in the west coast and the Wisconsin-Michigan area of the 
U.S.; the latter is found exclusively in Europe, where it is as serious on 
apples as it is on stone fruits. With slight differences the development of 
the disease caused by each species is essentially the same. 

The mycelium produces chains of elliptical Monilia-type conidia on 
hyphal branches arranged in groups or tufts. The fungus also produces 
microconidia (spermatia) in culture and on mummied fruit. The mic-
roconidia are borne in chains on bottle-shaped conidiophores, and they do 
not germinate, but seem to be involved in the fertilization of the fungus. 
The sexual stage (apothecium) originates at the surface of mummified fruit 
which is partly or wholly buried in the soil or debris. More than 20 
apothecia may form on one mummy (Fig. 100E). Small, bulblike protru
sions appear on the mummy and they extend to form the stipe of the 
fruiting body. As the stipe emerges above ground its upper portion becomes 
swollen and a depression appears at the tip. Subsequent growth of the sides 
of the swelling forms the apothecial "cup" which is usually funnel- or, 
later, disk-shaped. The inside or upper surface of the apothecium is lined 
with thousands of cylindrical asci interspersed with paraphyses. Each 
ascus contains eight single-celled ascospores. 

Development of disease. The pathogen overwinters as mycelium or 
conidia on mummied fruit on the tree and the ground, and on the cankers 
of infected twigs (Fig. 101). In the spring the mycelium in mummified 
fruit on the tree and on the ground and in the twig cankers produces new 
conidia, while the mycelium in mummied fruit buried in the ground 
produces several apothecia, which will form asci and ascospores. 

Both conidia and ascospores can cause blossom infections. The conidia 
are windblown or may be carried by rain water and splashes or insects to 
floral parts. The ascospores are forcibly discharged by the ascus, forming a 
whitish "cloud" over the apothecium. Air currents then carry the asco
spores to the flowers. Conidia and ascospores germinate and can cause 
infection within a few hours. 

The mycelium, especially in humid weather, produces short hyphae 
which group together, push outward through the epidermis and form 
numerous conidial tufts on the rotten, shriveled floral parts from which 
new masses of conidia are released. In the meantime, the mycelium 



FIGURE 101. 
Disease cycle of brown rot of stone fruits caused by Monilinia fmcticola. 
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advances rapidly down the tissues of the blossom petioles and from there 
into the fruit spurs and the twigs. In the twig the mycelium causes 
disintegration and collapse of the cells around the fruit spur, and a 
depressed, reddish-brown, shield-shaped canker forms. The advance of 
the mycelium may encircle the twig which then becomes girdled and 
dies. The surface of the canker is soon covered with conidial tufts, and 
conidia from these serve as inoculum for fruit infection later in the 
season. ! 

The brown rot fungus does not infect leaves or bark directly, and the 
new conidia and ascospores are short lived. The apothecia themselves 
soon disintegrate and therefore no ascospores are present when the fruit 
becomes susceptible. The gap between the time the blossoms are infected 
and when the fruit on the same tree can become infected is bridged by the 
conidia which are formed on twig cankers during humid weather in the 
summer. Also, the fruit of some early blooming stone fruits begins to ripen, 
and therefore becomes susceptible to infection, when some late-blooming 
ones are still in bloom or have just finished. In the latter case, conidia 
produced on the flowers of late-blooming trees can be carried to and infect 
the fruit of early ripening trees. 

The susceptibility of the fruit to infection increases with its maturity. 
Conidia usually penetrate fruit through wounds made by insects, twig 
punctures, hail, etc., but on some, fruit penetration can take place 
through stomata or directly through the cuticle. The fungus grows inter
cellularly at first and through secretion of enzymes causes the maceration 
and browning of the infected tissues. The invasion of the fruit by the 
fungus is quite rapid. As the fungus advances into the fruit, it also 
produces conidial tufts on the already rotted area and the conidia may be 
carried away and infect more fruit. The entire fruit may become com
pletely rotten within a few days, and it either clings to and hangs from 
the tree, or falls to the ground. Fruit falling to the ground soon after 
infection usually disintegrates under the action of saprophytic fungi and 
bacteria. Fruit left hanging on the tree soon loses moisture and shrivels 
and by the end of the season it becomes a dry, distorted mummy with a 
corrugated surface. The skin remains as a covering, and beneath it the 
remains of the fruit cells are held in place by the mycelial threads which 
are closely interwoven and form a hard rind. Once the fruit has dried into 
a mummy, it may fall to the ground, but it is not affected by soil 
microorganisms and may persist there for two or more years. 

Fruit infection also takes place after harvest, in storage, and in transit. 
Infected fruit will continue to rot after harvest and the mycelium will 
attack directly healthy fruit in contact with infected ones. Healthy fruit 
may also be attacked by conidia at any time between harvest and use by 
the consumer. 

Control. Brown rot of stone fruits can be controlled best by com
pletely controlling the blossom blight phase of the disease. This can be 
done by spraying two to four times with an effective fungicide from the 
time the blossom buds show pink until the petals fall. Captan, benomyl, 
dichlone, sulfur, and thiram are the fungicides used for brown rot control. 
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Twigs bearing infected blossoms or cankers should be removed as early 
as possible to reduce the inoculum available for fruit infections later on in 
the season and to eliminate one of the sources of overwintering 
mycelium and spores that cause blossom infections the following season. 

To control brown rot in ripening fruit, captan, thiram, ferban, ziram, 
wettable sulfur, or sulfur dusts are used in applications on the trees a few 
weeks before harvest and continued weekly or biweekly until just before 
harvest. Since most infections of immature fruit and many of mature 
fruit originate in wounds made by insect punctures, control of insects 
will also help control the disease. 

To prevent infections at harvest and during storage and transit, fruit 
should be picked and handled with the greatest care to avoid punctures 
and skin abrasions on the fruit which enable the brown rot fungus to gain 
entrance more easily. All fruit with brown rot spots should be discarded. 
Lugs and packing boxes should be dusted both inside and out, particularly 
in wet weather, each time they are used. Postharvest brown rot can be 
reduced by dipping or drenching fruit in a benomyl solution before storing 
and again during the sorting operation,- and by hydrocooling or cooling 
fruit in air before refrigeration at 0 to 3°C. 

• Alternaria Diseases 

They are among the most common diseases of many kinds of plants 
throughout the world. They affect primarily the leaves, stems, flowers, 
and fruits of annual plants, especially vegetables and ornamentals, but 
also may affect parts of trees such as citrus, apple, etc. Alternaria diseases 
appear usually as leaf spots and blights, but they may also cause damping 
off of seedlings, collar rots, and tuber and fruit rots. Some of the most 
common diseases caused by Alternaria include early blight of potato and 
tomato (Fig. 102, A-E), leaf spot of bean, tobacco, geranium, and stock, 
blight of carrot (Fig. 102F), carnation, chrysanthemum, petunia and zinnia, 
leaf spot and blight of crucifers (Fig. 102G), onion purple blotch, leaf spot 
and fruit spot on squash and on apple, core rot of apple, rot of lemons and 
oranges, and many others. 

The leaf spots are generally dark brown to black, often numerous and 
enlarging, usually developing in concentric rings which give the spots a 
targetlike appearance (Fig. 102, A-C). Lower, senescent leaves are usually 
attacked first, but the disease progresses upward and makes affected 
leaves go into a yellowish, senescent condition and either dry up and 
droop or fall off. Dark, often targetlike, sunken spots develop on branches 
and stems of plants such as tomato (Fig. 102E). Stem lesions developing 
on seedlings may form cankers which may enlarge, girdle the stem and 
kill the plant, or if present near the soil line they may develop into a 
collar rot. In belowground parts, e.g., potato tubers, dark, slightly sunken, 
circular, or irregular lesions develop that may be up to 2 cm in diameter 
and 5 to 6 mm in depth. Fruits affected by Alternaria are usually attacked 
when they approach maturity, in some hosts at the stem end while in 
others at the blossom end or at other points through wounds, growth 
cracks, etc. (Fig. 102D). The spots are brown to black and may be small, 
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FIGURE 102. 
Symptoms caused by species of Alternaria. (A-E) Early blight of tomato caused by 
A. solani. (A) Typical target-shaped lesions on tomato leaf. (B, C) Leaf spots (B) 
and blight (C) on tomato. (D) Typical Alternaria lesion at the stem end of 
tomato fruit. (E) Lesions on tomato stems. (F) Carrot blight caused by A. dauci. 
(G) Cabbage leaf spot caused by A. brassicae. 

sunken, with well-defined margins, or they may enlarge to cover most of 
the fruit, have a leathery consistency and a black, velvety surface layer of 
fungus growth and spores. In some fruits, such as citrus and tomato, a 
small lesion at the surface may indicate an extensive spread of the 
infection in the central core and the segments of the fruit. 

The pathogen, Alternaria sp., has dark-colored mycelium and in older 
diseased tissue it produces short, simple, erect conidiophores that bear 
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single or branched chains of conidia (Fig. 103). The conidia are large, dark, 
long, or pear shaped and multicellular with both transverse and longitu
dinal cross walls. The conidia are detached easily and are carried by air 
currents. Alternaria occurs in many species throughout the world. Their 
spores are present in the air and dust everywhere and are one of the most 
common fungal causes of hay fever allergies. Alternaria spores also land 
and grow as contaminants in laboratory cultures of other microorganisms 
and on dead plant tissue killed by other pathogens or other causes. 
Actually, many species of Alternaria are mostly saprophytic, i.e., they 
cannot infect living plant tissues but they grow only on dead or decaying 
plant tissues and, at most, on senescent or old tissues such as old petals, 
old leaves, and ripe fruit. Therefore, it is often difficult to decide whether 
an Alternaria fungus found on a diseased tissue is the cause of the disease 
or a secondary contaminant. 

Plant pathogenic species of Alternaria overwinter as mycelium in 
infected plant debris and as mycelium or spores in or on seeds. If the 
fungus is carried with the seed, it may attack the seedling, usually after 
emergence, and cause damping off or stem lesions and collar rot. More 
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FIGURE 103. 
Development and symptoms of diseases caused by Alternaria. 



DISEASES CAUSED BY ASCOMYCETES AND IMPERFECTS 319 

frequently, however, spores which are produced abundantly, especially 
during heavy dews and frequent rains, are blown in from mycelium 
growing on debris, infected cultivated plants or weeds. The germinating 
spores penetrate susceptible tissue directly or through wounds and soon 
produce new conidia that are further spread by wind, splashing rain, tools, 
etc. With few exceptions, Alternaria diseases are more prevalent on older, 
senescing tissues and particularly on plants of low vigor, poor nutrition or 
those under some other kind of stress caused by unfavorable environmen
tal conditions, insects, other diseases, etc. 

Alternaria diseases are controlled primarily through the use of resis
tant varieties, of disease-free or treated seed and through chemical sprays 
with fungicides such as chlorothalonil, maneb, captafol, or maneb-zinc 
combination. The sprays should begin soon after the seedlings emerge or 
are transplanted and should be repeated at 1- to 2-week intervals depend
ing on disease prevalence, severity and frequency of rains. Crop rotation, 
removal and burning of plant debris, if infected, and eradication of weed 
hosts help reduce the inoculum for subsequent plantings of susceptible 
crops. 

• Botrytis Diseases 

They are probably the most common and most widely distributed dis
eases of vegetables, ornamentals, fruits and even field crops throughout 
the world. They are the most common diseases of greenhouse grown 
crops. Botrytis diseases appear primarily as blossom blights and fruit rots, 
but also as damping-off, stem cankers or rots, leaf spots and tuber, corm, 
bulb, and root rots (Figs. 104 and 105). Under humid conditions, the 
fungus produces a noticeable gray-mold fruiting layer on the affected 
tissues that is characteristic of the Botrytis diseases. Some of the most 
serious diseases caused by Botrytis include gray mold of strawberry, gray 
mold rot of vegetables such as artichoke, bean, beet, cabbage, carrot, 
cucumber, eggplant, tip-end rot of bananas, lettuce, pepper, squash, to
mato, etc., onion blast and neck rot, calyx end rot of apples, blossom and 
twig blight of blueberries, blight or gray mold of ornamentals such as 
African violet, begonia, cyclamen, chrysanthemum, dahlia, geranium, 
hyacinth, lily, peony, rose, snapdragon, stock and tulip, bulb rot of 
amaryllis, corm rot and also leaf spot and stem rot of gladiolus, etc. 
Botrytis also causes secondary soft rots of fruits and vegetables in storage, 
transit, and market. 

In the field, blossom blights often precede and lead to fruit rots and 
stem rots. The fungus becomes established in flower petals, which are 
particularly susceptible when they begin to age, and there it produces 
abundant mycelium (Fig. 104B). In cool, humid weather the mycelium 
produces large numbers of conidia which may cause further infections, 
but the mycelium itself also grows, penetrates and invades the rest of the 
inflorescence, which becomes filled and covered with a whitish-gray or 
light brown cobwebby mold. The fungus then spreads to the pedicel, 
which rots and lets the buds and flowers lop over. If any fruit has de
veloped, the fungus moves from the petals into the green or ripe fruit and 
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FIGURE 104. 
Scanning electron micrograph of a typical grape clusterlike conidiophore and 
conidia of Botrytis (A) and various symptoms caused by Botrytis (B-I). (B) 
Blossom blight of gardenia. (C) Strawberry gray mold. (D) Lettuce gray mold. (E, 
F) External (E) and internal (F) symptoms of Botrytis blossom end rot of apple. (G) 
Stem lesions; note that they originate at a dead leaf. (H): Botrytis blast of onion. 
(I) Botrytis neck rot of onion in storage. The black bodies on the onions are 
sclerotia of the fungus. (Photo A courtesy M. F. Brown and H. G. Brotzman.) 
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FIGURE 105. 
Development of Botrytis gray mold diseases. 

causes a blossom-end rot of the fruit which advances and may destroy 
part or all of the fruit and may spread to other fruits touching the diseased 
one. Infected fruit and succulent stems become soft and watery and, later, 
invaded tissues appear light brown (Fig. 104, C, E, F). As the tissue rots, the 
epidermis cracks open and the fungus fruits abundantly. The tissues then 
become wrinkled and dry, and flat black sclerotia may appear on the 
surface or are sunken within the tissue. 

Damping off of seedlings due to Botrytis occurs primarily in cold 
frames where the humidity is high, but also in the field if the seed is 
contaminated with sclerotia of the fungus, or fungus mycelium or 
sclerotia are present in the soil. 

Some species of Botrytis cause leaf spots on their hosts, e.g., on 
gladiolus, onions, tulip, the spots being small and yellowish at first but 
later becoming larger, whitish gray or tan, sunken, coalescing, and fre
quently involving the entire leaf (Fig. 104, D, H). In many hosts, however, 
foliage infection occurs only after the fungus has grown on dying parts of 
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the plants or in decaying matter on the soil that comes into contact with 
healthy leaves. 

Stem lesions usually appear on succulent stems or stalks and may be 
either dark, sunken, elongated lesions with a definite outline or may 
spread through the stalk and cause it to weaken and break over at the 
point of infection, as happens with peony, rose, tulip, etc (Fig. 104G). 
Such stalks are usually susceptible to attack by the fungus along their 
entire length and in wet weather the diseased parts become covered with 
the grayish-brown felty coat of fungus spores. Sclerotia may also be 
produced on infected stems. 

Infection of below ground parts, such as bulbs, corms, tubers, roots, 
etc., may begin while these organs are still in the ground or upon harvest. 
Lesions may develop at any point of their surface but in most hosts they 
are more likely to begin at the crown or at the base of these organs. 
Infected tissues usually appear soft and watery at first but, as the infec
tion progresses, these areas enlarge, turn tan to brown and finally dark 
brown and become spongy or corky and light in weight. Pockets of 
mycelium may develop between decayed bulb scales, under the husks of 
decayed corms, etc., or on the surface of the lesions of such organs. Black 
sclerotia are often found on the surface or intermingled with the rotted 
tissues and mycelium (Fig. 1041). 

The pathogen, Botrytis sp., produces abundant gray mycelium and 
long, branched conidiophores with rounded apical cells bearing clusters 
of colorless or gray, one-celled, ovoid conidia (Fig. 104A). The conid
iophores and clusters of conidia resemble a grapelike cluster. The 
conidia are released readily in humid weather and are carried by air 
currents. The fungus frequently produces black, hard, flat, irregular 
sclerotia. For some species of Botrytis a perfect stage is known, Bot-
ryotinia, in which ascospores are produced in an apothecium. 

Botrytis overwinters in the soil as mycelium growing on decaying 
plant debris and as sclerotia (Fig. 105). The fungus does not seem to infect 
seeds but it can be spread with seed contaminated with sclerotia the size 
of the seed or with bits of plant debris infected with the fungus. The 
overwintering stages can also be spread by anything that moves soil or 
plant debris that may carry sclerotia or mycelium. The fungus requires 
cool (18 to 23°C), damp weather for best growth, sporulation, spore re
lease and germination, and establishment of infection. The pathogen is 
active at low temperatures and causes considerable losses on crops kept 
for long periods in storage, even if the temperatures are between 0 and 
10°C. Germinating spores seldom penetrate actively growing tissue di
rectly but they can penetrate tissues through wounds or after they have 
grown for a while and produced mycelium on old flower petals, dying 
foliage, dead bulb scales, etc. Botrytis sclerotia usually germinate by 
producing mycelial threads that can infect directly, but in a few cases 
sclerotia germinated by producing apothecia and ascospores. 

Control of Botrytis diseases is aided by the removal of infected and 
infested debris from the field and storage rooms, and by providing condi
tions for proper aeration and quick drying of plants and plant products. In 
greenhouses, humidity should be reduced by ventilation and heating. 
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Storage organs such as onion bulbs can be protected by keeping them at 
32 to 50°C for 2 to 4 days to remove excess moisture and then keeping 
them at 3°C in as dry an environment as possible. Control of Botrytis in 
the field through chemical sprays has been only partially successful, 
especially in cool, damp weather. For Botrytis rot of lettuce, sprays with 
dichloran or zineb are recommended, while difolatan, dyrene, maneb-
zinc, maneb or chlorothalonil seem to give better control on crops such as 
onion and tomatoes. To control fruit rots, such as gray mold of straw
berry, sprays or dusts with captan, thiram or benomyl are recommended. 
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VASCULAR WILTS 
CAUSED BY ASCOMYCETES AND 
IMPERFECT FUNGI 

Vascular wilts are widespread, very destructive, spectacular, and frighten
ing plant diseases appearing as more or less rapid wilting, browning, and 
dying of leaves and succulent shoots of plants followed by the final death 
of the plant. Wilts occur as a result of the presence and activities of the 
pathogen in the xylem vascular tissues of the plant. Entire plants or plant 
parts above the point of vascular invasion by the pathogen may die within 
a matter of weeks in most annuals and some perennials although in 
certain perennials death may not occur until several years after infection. 
The pathogen usually continues to spread internally through the xylem 
vessels as mycelium or conidia until the entire plant is killed. As long as 
the infected plant is alive, the fungi that cause vascular wilts remain 
limited to the vascular (xylem) tissues and a few surrounding cells and 
never come to the surface of the plant—not even to produce spores. Only 
when the infected plant is killed by the disease do these fungi move into 
other tissues and sporulate at or near the surface of the dead plant. 
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There are three genera of fungi that cause vascular wilts: Ceratocystis, 
Fusarium, and Verticillium. Each of them causes widespread and severe 
diseases on several important crop, forest, or ornamental plants. 

Ceratocystis causes vascular wilts primarily of trees, e.g., Dutch elm 
disease (C. ulmi) and oak wilt (C. fagacearum). 

Fusarium causes vascular wilts primarily of annual vegetables and 
flowers, herbaceous perennial ornamentals, plantation crops, weeds, and 
of the mimosa tree (silk tree). Most of the vascular wilt-causing Fusaria 
belong to the genus Fusarium oxysporum. Different host plants are at
tacked by special forms or races of the fungus. Thus, the fungus that 
attacks tomato is designated as F. oxysporum f. lycopersici, cucurbits F. o. 
f. niveum, sweet potato F. o. f. batatas, onion P. o. f. cepae, cabbage F. o. 
f. conglutinans, banana F. o. f. cubense, cotton F. o. f. vasinfectum, 
carnation F. o. f. dianthii, chrysanthemum F. o. f. chrysanthemi, etc. 

Verticillium causes vascular wilts of annual vegetables, flowers, crop 
plants, and weeds, and of perennial ornamentals, fruit trees, forest trees, 
weeds, etc. It exists as one or two species, Verticillium albo-atrum and/or 
V. dahliae, and it attacks hundreds of kinds of plants causing wilts and 
losses of varying severity. 

All vascular wilts, regardless of which pathogen causes them, have 
certain characteristics in common. The leaves of infected plants or of 
parts of infected plants lose turgidity, become flaccid, lighter green to 
greenish yellow, droop and finally wilt, turn yellow, then brown, and die. 
Wilted leaves may be flat or curled. Young, tender shoots also wilt and 
die. In cross sections of infected stems and twigs, discolored brown areas 
appear as a complete or interrupted ring consisting of discolored vascular 
tissues. In the xylem vessels of infected stems, roots, etc., mycelium and 
spores of the causal fungus may be present. Some of the vessels may be 
clogged with mycelium, spores, or polysaccharides produced by the fun
gus. Clogging is further increased by gels and gums formed by the ac
cumulation and oxidation of breakdown products of plant cells attacked 
by fungal enzymes. The oxidation and translocation of some such break
down products seems to also be responsible for the brown discoloration of 
affected vascular tissues. In newly infected young stems the number of 
xylem vessels formed is reduced and their cell walls are thinner than 
normal. Often the parenchyma cells surrounding xylem vessels are 
stimulated by secretions of the pathogen to divide excessively and this, 
combined with the thinner and weaker vessel walls, results in reduction 
of the diameter or complete collapse of the vessels. In some hosts, tyloses 
are produced by parenchyma cells adjoining some xylem vessels. The 
balloonlike tyloses protrude into the vessels and contribute to their 
clogging. Toxins secreted in the vessels by the wilt-causing fungi are 
carried upward in the water stream and affect living parenchyma cells 
adjacent to the xylem, thus causing some of the effects described above. 
Toxins may also be carried to the leaves in which they cause reduced 
chlorophyll synthesis along the veins (vein clearing) and reduced photo
synthesis, disrupt the permeability of the leaf cell membranes and their 
ability to control water loss through transpiration and thereby result in 
leaf epinasty, wilting, interveinal necrosis, browning, and death. 
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Of the wilt fungi, Fusarium and Verticillium are soil inhabitants and 
infect plants through the roots which they penetrate directly or through 
wounds. Large numbers of parasitic nematodes in the soil usually in
crease the incidence of Fusarium and Verticillium wilts, presumably by 
providing more and effective penetration points. Once in the root, the 
mycelium reaches the xylem vessels and subsequently spreads through 
them into the stem and the rest of the plant. Both fungi produce only 
asexual spores and overwinter in the soil or plant debris as mycelium, as 
thick-walled asexual spores called chlamydospores (Fusarium), or as mi-
crosclerotia (Verticillium). Both are effective saprophytes and, once intro
duced into a field, they become established there forever although their 
populations may vary considerably depending on the susceptibility and 
the duration of cultivation of the host plant grown in the field. Fusarium 
and Verticillium spread through the soil to a small extent as mycelium 
growing through roots or plant debris, but primarily as mycelium, spores, 
or sclerotia carried in soil water, on farm equipment, transplants, tubers, 
seeds of some hosts, cuttings of infected plants and in some cases as 
wind-blown spores or sclerotia. 

The other wilt fungus, Ceratocystis, lives primarily in the xylem 
vessels and adjacent parenchyma cells of infected elm and oak trees and 
in the outer layers of wood and inner layers of bark in elms and oaks 
killed by it. The fungus produces both ascospores and conidia and spreads 
from tree to tree either as spores carried by cetain bark-feeding beetles or 
by natural root grafts. The beetles introduce the fungus into the xylem of 
young, vigorously growing twigs or larger branches on which they feed 
and from there, as well as from the natural root grafts, the fungus spreads 
as mycelium or conidia into the vascular system of the tree and induces 
wilt. 

Vascular wilts are more or less worldwide in distribution causing 
tremendous losses on most kinds of vegetables and flowers and on field 
crops such as cotton, alfalfa (Fusarium and Verticillium), on fruit "trees" 
such as banana (Fusarium) and stone fruits (Verticillium), on forest and 
shade trees (Verticillium), and on elm and oak trees, in particular 
(Ceratocystis). Fusarium wilts are much more common and destructive 
in the warmer temperate regions and in the tropics and subtropics, be
coming less damaging or rare in colder climates except for greenhouse 
crops in these areas. Verticillium is much more common in the temper
ate zones and is considerably more cold-resistant than Fusarium, espe
cially in its tree hosts and causes diseases in greater latitudes than the 
latter. Ceratocystis wilts are less widespread then the others, their dis
tribution depending on the availability of the hosts (elms and oaks), of the 
pathogen, and of contaminated insect vectors. 

Vascular wilts are among the most difficult to control. The fact that 
only a single infection of a plant by one spore is sufficient to introduce the 
pathogen into the plant, in which it then grows and spreads internally, 
makes prevention of infection and subsequent control with surface fun
gicides practically impossible. Also the fact that Fusarium and Verticil
lium can survive in the soil of a field saprophytically almost forever, 
makes control through crop rotation or other cultural practices impracti-
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cal or ineffective. On the other hand, the dissemination of Ceratocystis 
spores over long distances by insect vectors feeding on trees of all sizes 
makes its control even more problematical. 

The most effective means of controlling Fusarium and Verticillium 
wilts has been the use of resistant varieties. Due to the relative immobil
ity of the pathogens and therefore slow development and distribution of 
any new pathogen races, varieties remain resistant for rather long periods 
of time. Cultural practices such as deep plowing, crop rotation, leaving 
the soil fallow, or flooding of the field have been helpful in reducing the 
pathogen populations in the soil but do not eliminate it completely. Soil 
fumigation has been used with success in some cases but it is too expen
sive and its effect does not last long enough to make its use profitable. In 
the greenhouse, soil sterilization gives effective control of both diseases. 
Control of Ceratocystis wilts has been attempted by efforts to control the 
insect vectors of the pathogen by insecticides sprayed on or injected into 
the trees, removal and burning of infected trees and logs to eliminate the 
fungus and the breeding grounds of the insect vectors and through selec
tion of resistant trees. None of these measures has been successful 
against the Ceratocystis wilts and the diseases keep on spreading. 

An apparent breakthrough in the control of fungal vascular wilts 
seems to have been made by the discovery of the systemic fungicides 
containing thiabendazole or its derivatives, including, and particularly, 
benomyl in its various formulations. These chemicals, although not yet 
proven to give complete control of any of these wilts, when injected into 
elm trees before and sometimes after infection have given promising 
results with Ceratocystis ulmi7 the cause of Dutch elm disease. 

C E R A T O C Y S T I S W I L T S 

They include mainly the Dutch elm disease and oak wilt. 

• Dutch Elm Disease 

Dutch elm disease owes its name to the fact that it was first described on 
elm in Holland in 1921. Since then the disease has spread throughout 
Europe, parts of Asia, and most of the temperate zones in North America. 
In the U. S. the disease was first found in Ohio and some states in the east 
coast in the early 1930s,· it has since spread westward to the Pacific coast 
states. 

Dutch elm disease is the most destructive shade tree disease in the 
U. S. today. It affects all elm species, but most severely the American 
elm. The disease may kill branches and entire trees within a few weeks 
or a few years from the time of infection. Hundreds of thousands of elm 
trees in towns across the country die from Dutch elm disease every year. 
The cost of cutting down diseased and dead elm trees amounts to many 
millions of dollars per year. And, of course, no one can estimate the value 
of the natural beauty of streets and towns destroyed by the disease. 

Symptoms. The first symptoms of the disease appear as sudden or 
prolonged wilting of the leaves of individual branches or of the entire tree 
(Fig. 106A). Wilted leaves frequently curl, turn yellow, then brown, and 
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finally fall off the tree earlier than normal (Fig. 106C). Most affected 
branches die immediately after defoliation. The disease usually appears 
first on one or several branches and then spreads to other portions of the 
tree. Thus, many dead branches may appear on a tree or a portion of a 
tree. Such trees may die gradually, branch by branch, over a period of 
several years or they may recover. Sometimes, however, entire trees 
suddenly develop disease symptoms and may die within a few weeks (Fig. 
106A, B). Usually trees that become infected in the spring or early sum
mer die quickly, while those infected in late summer are much less 
seriously affected and may even recover, unless they become reinfected. 

When the bark of infected twigs or branches is peeled back, brown 
streaking or mottling appears on the outer layer of wood. In cross section 
of the branch, the browning appears as a broken or continuous ring in the 
outer rings of the wood (Fig. 106D). 

The pathogen: Ceratocystis ulmi. The mycelium is creamy white. 
While in the vessels, the mycelium produces short hyphal branches on 
which clusters of Cephalosporium-type conidia are formed (Fig. 107). In 
dying or dead trees the mycelium produces some Cephalosporium, but 
mostly Graphium-type spores on coremia developing on bark which is 
somewhat loose from the wood and in tunnels made in the bark by insects. 
The coremia consist of hyphae grouped into an erect, dark, solid stalk, and 
a colorless, flaring head to which the spores adhere, forming a sticky 
glistening, whitish at first, and later slightly yellowish, droplet. 

The fungus is heterothallic and requires contact of two sexually com
patible strains for sexual reproduction. Since, frequently, only one of the 
mating types is found in large areas in nature, sexual reproduction is 
extremely rare. In the U. S., for example, the fungus rarely reproduces 
sexually, but it does so rather frequently in Europe. When the two mating 
types do come in contact, perithecia develop. The perithecia are spherical 
and black, about 120 μηι in diameter, and have a long (about 300 to 400 
μ,ηι) neck. Perithecia form singly or in groups and in the same areas in the 
bark as the coremia. 

Inside the perithecium many asci develop but as the asci mature, they 
disintegrate leaving the ascospores free in the perithecial cavity. The 
ascospores are discharged through the neck canal and accumulate in a 
sticky droplet. 

FIGURE 106. 
Dutch elm disease caused by Ceratocystis ulmi. (A) Infected elm tree most of 
which shows thin, yellowish foliage in early summer. (B) The same tree dead and 
defoliated in late summer. (C) Twig with wilted, rolled, brown leaves. (D) 
Diagonal and cross sections of elm twig and branch showing a ring of brown 
discoloration near the surface of the twig and deeper in the wood of the branch. (E) 
Beetle carriers of the Dutch elm disease. Side and top views of the European (a) 
and the native (b) elm bark beetles, (c) larva of (a). (F) Galleries beneath the bark of 
dead elm trees made by the female and the larvae of the European (upper left) and 
the native (lower right) elm bark beetles. At upper right and lower left of (F) can be 
seen the bark punctures or wounds on healthy elm made by these beetles. (Photos 
D - F courtesy Shade Tree Lab., Univ. of Mass.) 
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FIGURE 107. 
Disease cycle of Dutch elm disease caused by Ceratocystis ulmi. 
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Development of disease. Dutch elm disease is the result of an un
usual partnership between a fungus and an insect (Fig. 107). Although the 
fungus alone is responsible for the disease, the insect is the indispensable 
vector of the fungus, carrying the fungus spores from infected elm wood 
to healthy elm trees. The insects responsible for the spread of the disease 
are the European elm bark beetle [Scolytus multistriatus) and the native 
elm bark beetle (Hylurgopinus rufipes) (Fig. 106E). 

The fungus overwinters in the bark of dying or dead elm trees and logs 
as mycelium and as spore-bearing coremia. Elm bark beetles prefer to lay 
their eggs in the intersurface between bark and wood of trees weakened or 
dying by drought, disease, etc. The adult female beetle tunnels through 
the bark and opens a gallery parallel with the grain of the wood with 
Scolytus, and at an angle or perpendicular with Hylurgopinus. The female 
lays eggs along the sides of the gallery, the eggs soon hatch, and the larvae 
open tunnels at right angles to the maternal gallery. If the tree was 
already infected with the fungus, the latter produces mycelium and 
sticky, Graphium-tyrie spores in the beetle tunnels. When the adult 
beetles emerge, they carry thousands of fungus spores on and in their 
bodies. Scolytus ^beetles feed in the crotches of living, vigorous elm twigs. 
Hylurgopinus beetles feed on stems 5 to 30 cm in diameter (Fig. 106F). 
These beetles burrow into the bark and wood, the spores are deposited in 
the wounded tissues of the tree, germinate, and grow rapidly into the 
injured bark and the wood. When the fungus reaches the large xylem 
vessels of the spring wood, it may produce Cephalosporium-type spores 
which are carried up by the sap stream. These spores reproduce by 
yeastlike budding, germinate, and start new infections. The extent of 
symptoms in the crown is correlated with the extent of vascular invasion. 
In early stages of infection, the mycelium invades primarily the vessels, 
and only occasionally tracheids, fibers, and the surrounding parenchyma 
cells. General invasion of tissue begins at the terminal or extensive 
dieback phase of the disease, at which time there is also considerable 
intercellular growth of the fungus between the parenchyma cells. Gums 
and tyloses are produced in the larger vessels and sometimes isolated 
areas of the sapwood are blocked by a combination of gums, tyloses, and 
fungal growth. Infection also induces browning of the water-conducting 
vessels. Infected twigs and branches soon wilt and die. 

Infections that take place in the spring or early summer result in 
invasion of the long vessels of the elm springwood through which the 
spores can be carried rapidly to all parts of the tree. If vascular invasion 
becomes general, death of the tree may occur within a few weeks. During 
later infections, vascular invasion is limited to the outer, shorter vessels 
of the summerwood in which they move only for short distances. As a 
result, late infections may produce only localized infections and seldom 
cause serious immediate damage to the tree, but may kill the tree the 
next year. 

The elm bark beetles feed on living trees for only a few days and then 
fly back to dying or weakened elm wood in which they construct new 
galleries and lay eggs. There are usually two generations of beetles per 
season. In each generation the young adult goes from dead or weakened 
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elm trees to living, vigorous ones on which it feeds, and then returns to 
the dead or weakened trees to lay its eggs. Therefore, once an insect 
becomes contaminated with fungus spores, it may carry them either to 
healthy or diseased wood, in both of which the fungus grows and multi
plies and may contaminate all the offspring of the insect as well as any 
other insects that will visit the infected wood. 

Control. Great efforts have been made and are being continued to 
find resistant clones within the susceptible American elm species and in 
other species. Certain Asiatic species such as the Siberian and the 
Chinese elm are resistant to Dutch elm disease, but produce poor shade 
trees. Hybrids between various species have shown resistance in varying 
degrees and some of them look promising, but so far none of them have 
been planted widely or proven completely resistant. 

For a long time, control of Dutch elm disease in the U. S. was at
tempted primarily through sanitation measures and through chemical 
control of the insect vectors of the fungus. Sanitation involves the re
moval and destruction of weakened or dead elm trees and elm logs, thus 
destroying the larvae contained in them or denying the insect and the 
fungus their overwintering habitat. Pruning out infected twigs and 
branches sometimes eliminates the disease. Control of the insect vector 
by chemicals involves spraying of the healthy elm trees while dormant 
and in the spring with methoxychlor, but has been only partially effec
tive. 

The most promising results for Dutch elm disease control in indi
vidual trees have been obtained with trunk or root injections of healthy or 
diseased elm trees with solubilized benomyl. This systemic fungicide, in 
various chemical formulations, has arrested the advance of the disease in 
infected trees and greatly reduced the appearance of new infections on 
treated healthy trees. 

• Oak Wilt 

It is the most serious disease of oak in the northcentral U. S. and it 
continues to spread. It is now present in the area from Minnesota to 
Pennsylvania to South Carolina to Arkansas, Oklahoma, Kansas, Ne
braska and Iowa. It affects all oak species and varieties, although red and 
black oaks are much more susceptible to wilt than are the white oaks. 
Considering that oaks make up 50 to 80 percent of the woodland trees and 
lumber production in much of this and other areas and that oaks, espe
cially after the destruction of elm trees by the Dutch elm disease, have 
become the predominant shade tree species in many residential areas, the 
potential impact of oak wilt on the economy and the environment of 
these areas is immeasurable. 

The symptoms appear first at or near the top of the trees as wilting 
yellow, brown, or bronze-colored leaves changing color and becoming dry 
progressively from edge or tip towards the midrib and base of the leaf. 
Leaves in all stages of wilting and discoloration are shed off as the disease 
progresses. The symptoms are most noticeable during late spring or early 
summer. In red or black oaks the symptoms spread rapidly from the top to 
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the rest of the tree and the trees may be killed in a few weeks. In white 
oaks the symptoms appear on scattered branches and progress more 
slowly, the trees surviving for one or more years but eventually being 
killed by the disease. Brown streaks appear in the outer sapwood of white 
oaks and less frequently in red oaks. In branches or trees killed by the wilt 
fungus the bark is often raised and cracked due to the pressure of fungus 
mats produced between the bark and the wood. 

The fungus, Ceratocystis fagacearum, produces abundant conidia and 
less frequently ascospores in perithecia. Both types of spores are produced 
on mycelial mats formed beneath the bark of infected dying or dead trees. 
The mats may be up to 10 x 20 cm in size and their centers form 
cushion-shaped structures, called pressure pads, which develop sufficient 
pressure to split open the bark and expose the fruiting surface of the mat. 
Perithecia are produced when the two compatible strains of the fungus 
infect the same tree or are brought together by insects. 

The fungus spreads locally through natural root grafts and through 
conidia or ascospores carried by beetles. The same sap feeding 
(Nitidulidae) and bark feeding (Pseudopityophthorus) beetles also carry 
both types of spores over long distances and create new infection centers 
in new areas. The modes of infection and spread of the fungus in the tree 
are similar to those of C. ulmi. 

Control of the disease is difficult and still ineffective. Short-distance 
spread is controlled by cutting all roots of living trees around infected 
trees with a ditchdigger or killing a portion of the roots halfway between 
the infected and the surrounding healthy trees with Vapam placed in 
holes 40 cm deep and 30 cm apart. The infected tree is then cut and 
burned. Long-distance spread of the fungus by the beetles is difficult to 
control, the main practice available being the eradication of infected oaks 
before spores form so that the amount of inoculum can be reduced. 

F U S A R I U M W I L T S 

As mentioned above, they affect and cause severe losses on most vegeta
bles and flowers, several field crops such as cotton and tobacco, planta
tion crops such as banana, plantain, coffee, and sugarcane, and a few shade 
trees. Fusarial wilts are greatly favored by warm soil conditions and in 
greenhouses. Since most Fusarial wilts have very similar disease cycles 
and development, only two such diseases, Fusarium wilt of tomato and 
Fusarium wilt of banana, also called Panama disease, will be described in 
some detail to illustrate this group of vascular wilts. 

• Fusarium Wilt of Tomato 

Fusarium wilt is one of the most prevalent and damaging diseases of 
tomato wherever tomatoes are grown intensively. The disease is most 
destructive in warm climates and warm, sandy soils of temperate regions. 
In the U. S. the disease is most severe in the central states and in the 
southern regions, whereas in the northern states it can become important 
only on greenhouse tomatoes. 

Great losses may be caused by the disease, especially on susceptible 
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varieties and under favorable weather conditions. Fusarium wilt damages 
plants by causing stunting of plants, which soon wilt and finally die. 
Occasionally entire fields of tomatoes are killed or severely damaged 
before a crop can be harvested. Generally, however, the disease does not 
cause serious losses unless soil and air temperatures are rather high 
during much of the season. 

Symptoms. The first symptoms appear as slight vein clearing on the 
outer, younger leaflets, followed by epinasty of the older leaves caused by 
drooping of the petioles. When plants are infected at the seedling stage, 
they usually wilt and die soon after appearance of the first symptoms. 
Older plants in the field may wilt and die suddenly if the infection is 
severe and if the weather is favorable for the pathogen. More commonly, 
however, in older plants vein clearing and leaf epinasty are followed by 
stunting of the plants, yellowing of the lower leaves, occasional forma
tion of adventitious roots, wilting of leaves and young stems, defoliation, 
marginal necrosis of the remaining leaves, and finally death of the plant 
(Fig. 108A). Often these symptoms appear on only one side of the stem 
and progress upward until the foliage is killed and the stem dies. While 
the plant is still living, no fungus mycelium or fructifications appear on 
its surface. Fruit may occasionally become infected, and then it rots and 
drops off without becoming spotted. Roots also become infected, and, 
after an initial period of stunting, the smaller side roots rot. 

In cross sections of the stem near the base of the infected plant a brown 
ring is evident in the area of the vascular bundles, and the upward extent 
of the discoloration depends on the severity of the disease. 

The pathogen: Fusarium oxysporum f. lycopersici. The mycelium is 
colorless at first, but becomes cream-colored or pale yellow with age, and 
under certain conditions it produces a pale pink or somewhat purplish 
coloration. The fungus produces three kinds of asexual spores (Fig. 109). 
Microconidia, which are one- or two-celled, are usually the most fre
quently and abundantly produced spores under all conditions. They are 
the only spores produced by the fungus inside the vessels of infected host 
plants. Macroconidia are the typical "Fusarium" spores, 3- to 5-celled, 
gradually pointed, and curved toward both ends. They are common on the 
surface of plants killed by the pathogen and usually appear in 
sporodochialike groups. Chlamydospores are one- or two-celled, thick-
walled, round spores produced terminally or intercalary on older 
mycelium or in macroconidia. All three types of spores are produced in 
the soil and in cultures of the fungus. 

Development of disease. The pathogen overwinters in the soil as 
mycelium and in all its spore forms but most commonly as chlamydo
spores (Fig. 109). It spreads over short distances by means of water and 
contaminated farm equipment, and over long distances primarily in in
fected transplants or in the soil carried with them. Usually, once an area 
becomes infested with Fusarium, it remains so indefinitely. 

When healthy plants grow in contaminated soil, the germ tubes of 
spores or the mycelium penetrate root tips directly, or enter the roots 
through wounds or at the point of formation of lateral roots. The 
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FIGURE 108. 
[A) Fusarium wilt of tomato. Some shoots are dead but others show only drooping 
of leaves. (B) Verticillium wilt of cotton. Healthy plant at left. (C) Verticillium 
wilt of peach tree. (D) Short brown streaks in branch of tree infected with 
Verticillium. (Photo A courtesy U.S.D.A. Photo Β courtesy G. C. Papavizas.) 
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mycelium advances through the root cortex intercellularly, and, when 
it reaches the xylem vessels, enters them through the pits. The mycelium 
then remains exclusively in the vessels and travels through them, mostly 
upward, toward the stem and crown of the plant. While in the vessels, the 
mycelium branches and produces microconidia which are detached and 
carried upward in the sap stream. The microconidia germinate at the 
point where their upward movement is stopped, the mycelium penetrates 
the upper wall of the vessel, and more microconidia are produced in the 
next vessel. The mycelium also advances laterally into the adjacent 
vessels penetrating them through the pits. 

Presumably a combination of the processes discussed earlier—of vessel 
clogging by mycelium, spores, gells, gums, and tylosis; and crushing of 
the vessels by proliferating adjacent parenchyma cells—is responsible for 
the breakdown of the water economy of the infected plant. When the 
amount of water available to the leaves is below the required minimum 
for their function, the stomata close, the leaves wilt and finally die, 
followed in death by the rest of the plant. The fungus then invades the 
parenchymatous tissues of the plant extensively, reaches the surface of 
the dead tissues, and there it sporulates profusely. The spores may be 
disseminated to new plants or areas by wind, water, etc. 

Occasionally, the fungus may reach the fruit of infected plants and 
penetrate or contaminate the seed. This happens primarily when the soil 
moisture is high and the temperature relatively low, conditions that 
allow plants to produce good yields although infected with the fungus. 
Usually, however, infected fruits decay and drop, and, even if harvested, 
infected seeds are so light that they are eliminated in the procedures of 
extraction and cleaning of the seed and therefore play little role in the 
spread of the fungus. 

Control. Use of tomato varieties resistant to the fungus is the only 
practical measure for controlling the disease in the field. Several such 
varieties are available today. Most of them are not completely resistant, 
but under conditions suboptimal for infection will produce good yields 
even in heavily infested soils. The fungus is so widespread and so persis
tent in soils that seedbed sterilization and crop rotation, although always 
sound practices, are of limited value. Soil sterilization is too expensive for 
field application, but should be always practiced for greenhouse-grown 
tomato plants. Use of healthy seed and transplants is of course manda
tory, and hot-water treatment of seed suspected of being infected should 
precede planting. 

• Fusarium Wilt of Banana (Panama Disease) 

The disease is very destructive and widespread in most banana-growing 
countries, including Australia, the Oriental-African tropics, all of Central 
America, South America, and most tropical islands. The disease is still 
spreading and, where present, it is an absolute limiting factor in the 
growing of susceptible bananas. 

The symptoms of Fusarium wilt of banana appear as a yellowing of the 
margins of usually the bottom leaves first. The yellowing spreads rapidly 
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toward the midrib and to the upper, younger leaves, and all the leaves 
wilt, droop, wither and turn brown. In many cases the leaves wilt and die 
suddenly without prior yellowing. The leaf sheaths at the base of the 
pseudostem become hardened and develop longitudinal splits. Killed 
plants remain upright until the wind blows them down. Their rhizomes, 
which are not always killed throughout immediately, may produce young 
suckers which later become diseased, remain stunted, and may, for a 
while, produce abnormally developing and prematurely and irregularly 
ripening bunches of pithy, acid and yellow bananas, or they, too, wilt and 
die. Roots of diseased plants usually turn black and rot. When diseased 
pseudostems are cut open, their vascular bundles appear yellow, reddish 
or purple, the discoloration appearing first at the outermost sheath of the 
pseudostem and progressing toward the inner sheaths. The sap of in
fected plants has a characteristic pungent odor similar to that of a weak 
alcohol-formalin mixture. 

The fungus, Fusarium oxysporum f. cubense, produces one- or two-
celled microconidia in xylem vessels and both microconidia and four- to 
many-celled, sickle-shaped Fusarium macroconidia in sporodochia on 
leaves and petioles of wilted or dead plants. These spores are dissemi
nated by wind or water, but are rather short lived and they seem to be of 
limited importance in spreading the disease. The fungus, however, also 
produces thick-walled chlamydospores that can survive in the soil for 
several decades and it can live as a saprophyte for considerable periods of 
time. Although spores may introduce the fungus into new areas, most of 
the spread of the disease seems to be through infected suckers planted in 
new areas, and through mycelium or spores carried in infected soil by 
irrigation or flood water or by mechanical cultivation. 

The fungus enters banana plants through the roots and damaged 
rhizomes, particularly through the slender rootlets that grow on the main 
roots. Following infection of a rootlet, the fungus reaches the xylem 
vessels in the stele and grows rapidly backwards toward the rhizome. 
The fungus grows profusely in the vessels of the rhizome, kills many of 
its side buds and moves along the vascular bundles to other parts of the 
rhizome into the leaf sheaths of the pseudostem, then into the aerial, 
aboveground parts of the banana plant and finally into the leaves. During 
its growth, the fungus produces microconidia in the vessels that are 
carried upward and start new infection sites along the vascular bundles. 
Toxins, enzymes, and other substances secreted by the fungus and by the 
host in response to infection cause discoloration and clogging of the 
vessels that eventually contribute to the wilting and death of the plant. 

Fungus survival, growth and sporulation are greater in light texture 
loam and sandy loam soils than in heavy clay soils and also greater in acid 
(pH 3.8 to 5.0) than in slightly alkaline soils (pH 7.2 to 8.0) that have a 
high calcium content. The mycelium and conidia survive for only short 
periods in very dry soil but chlamydospores survive for more than 30 
years. As soil moisture increases to saturation, as during flooding, the 
fungus lives in the surface for at least 2 to 3 months, but it is destroyed at 
depths much below the surface. Flood-fallowing, i.e., keeping the soil 
flooded or soaked with water by diking around the field, for up to 18 
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months seems to kill the fungus in the soil but is not always possible or 
economically practical and does not always extend the average produc
tion life of the field long enough, before the pathogen destroys the crop 
again, to make it profitable. 

No effective control of Fusarium wilt of banana is available yet. Some 
more or less resistant varieties, e.g., Valery and some other selections of 
the Cavendish group, the Pisang and Lacatan types of banana plants, 
show various degrees of resistance to Fusarium wilt. On the other hand, 
the popular Gros Michel bananas are very susceptible and can be grown 
only in areas still free of the pathogen. Use of disease-free stock in 
planting new areas is mandatory and immediate eradication of single 
diseased plants and isolation of the disease focus are absolutely necessary 
to stop the spread of the disease. Tools used in eradicating diseased plants 
must be disinfected and the soil of the area must be fumigated or flooded 
and must remain free of bananas for many years. Liming of the soil also 
helps keep pathogen populations low. So far, no chemical control of the 
Fusarium wilt is possible. 

V E R T I C I L L I U M W I L T S 

They are worldwide in distribution but most important in areas of the 
temperate zones. Verticillium attacks more than 200 species of plants, 
most of them vegetables, e.g., tomato, eggplant, pepper, cantaloupe, 
and watermelon, flowers, e.g., chrysanthemum, aster, and dahlia, fruit 
trees, e.g., apricot, cherry, and peach; also strawberries, raspberries and 
roses, field crops, e.g., cotton, potato, alfalfa, peanuts, and mint, and 
shade and forest trees, e.g., maple and elm. 

The symptoms of Verticillium wilts are almost identical to those of 
Fusarium wilts and, on hosts affected by both, the two pathogens cannot 
be distinguished except by laboratory examinations. In many hosts and 
most areas, however, Verticillium induces wilt at lower temperatures 
than Fusarium, the symptoms develop slower and often appear only on 
the lower or outer part of the plant or on only a few of its branches. In 
some hosts, e.g., cotton, Verticillium wilt develops primarily in seedlings 
which usually die shortly after infection while late infections cause 
epinasty of the upper leaves followed by the appearance in leaves of 
irregular chlorotic patches which become necrotic. Older plants infected 
with Verticillium are usually stunted in various degrees and their vascu
lar tissues show characteristic discoloration. In many hosts, Verticillium 
infection results in defoliation, gradual wilting and death of successive 
branches or an abrupt collapse and death of the entire plant (Fig. 108, 
B-D). 

Initial outbreaks of Verticillium wilt in a field are typically mild and 
local. In subsequent years, attacks become severe and widespread until 
the crop has to be discontinued or is replaced with resistant varieties. The 
increasing severity of the disease from year to year is brought on by a 
greater build up in inoculum potential, by the appearance of strains of the 
fungus more virulent than the original, or by both. 

The fungus, Verticillium albo-atrum (or V. dahliae) produces conidia 
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and microsclerotia either of which can overwinter, as can mycelium, 
within perennial hosts, propagative organs or plant debris. Verticillium 
penetrates host plants usually through wounds in the roots. The fungus is 
spread by contaminated seed, by vegetative cuttings and tubers, by scions 
and buds, by wind and surface ground water and by the soil itself, which 
may contain up to 100 or more microsclerotia per gram. Many fields have 
become contaminated with Verticillium for the first time by planting 
infected potato tubers or other crops and it is known that solanaceous 
crops such as potato, eggplant, and tomato increase the inoculum level in 
the soil. However, Verticillium is often found in uncultivated areas 
which indicates that the fungus is native to the soils and can attack 
susceptible crops as soon as they are planted. 

Control of Verticillium wilts depends on use of disease-free plants in 
disease-free soil, use of resistant varieties, and by avoiding the planting 
of susceptible crops where solanaceous crops have been grown repeatedly. 
Soil fumigation can be profitable when used to protect high value crops 
but it is too expensive on large areas. 
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ROOT AND STEM 
ROTS CAUSED BY ASCOMYCETES 
AND IMPERFECT FUNGI 

Several Ascomycetous fungi attack primarily the roots and lower stem of 
plants, particularly of cereals. The most important of these are: 

Cochliobolus, causing root and foot rot and also blight of cereals and grasses 
Gibberella, causing seedling blight and foot or stalk rot of corn and small 

grains 
Ophiobolus, (Gaeumannomyces) causing the take-all and whiteheads disease 

of cereals 

Another fungus, Sclerotinia, which has recently been renamed Whet-
zelinia, causes crown and root rot of turf grasses, a disease known as dollar 
spot, and also rots and blights of nearly all kinds of succulent plants, 
primarily flowers and vegetables. 

In few, if any, of the diseases caused by the first two fungi, i.e., 
Cochliobolus and Gibberella, does the ascigerous stage play a role of any 
consequence. In almost all cases, the diseases are caused strictly by the 
asexual stages of these fungi which are primarily species of Helmintho
sporium for Cochliobolus and species of Fusarium for Gibberella. There
fore the diseases caused by Cochliobolus are discussed as diseases caused 
by Helminthosporium (see pages 270-276) and all but one Gibberella 
disease are discussed as diseases caused by Fusarium. 

Among the Imperfect Fungi causing root and stem rots are several 
widely distributed and extremely destructive plant pathogens: 

Dipodia maydis, causing Diplodia stalk and ear rot of corn, collar rot of 
peanuts, etc. 

Fusarium, causing root rot of bean, asparagus, onion, foot rot of squash, dry rot 
of potatoes, basal rot of iris and lily, stem rot of carnation and chrysan
themum, corm rot of gladiolus, and seed rot, damping off, and seedling 
blights of these and numerous other plants 

Phoma, causing black leg of crucifers (Fig. 100), root and crown rot of celery 
and delphinium, heart rot of beet, stem blight and fruit rot of tomato and 
pepper, etc. 

Phymatotrichum omnivorum, causing the Texas root rot of fruit and shade 
trees, ornamental shrubs, cotton, alfalfa, most flowers and vegetables, and 
many weeds 

Thielaviopsis, causing black root rot and damping off of many vegetables and 
flowers, particularly bean, beet, carrot, celery, pansy, pea, poinsettia, 
squash, sweet pea, sweet potato, tomato, and watermelon, and of many field 
crops including cotton, cowpeas, flax, peanuts, clover, soybean, tobacco, 
etc. 

As a general rule, the root and stem rot diseases caused by the above 
and by other Ascomycetes and Imperfect Fungi appear on the affected 
plant organs at first as water-soaked areas that later turn brown to black, 
although in some diseases they are frequently covered by white fungal 
mycelium. The roots, stems, etc., are killed more or less rapidly and the 
entire plant grows poorly or is killed. The fungi that cause these diseases 
live, grow and multiply in the soil as nonobligate parasites, usually in 
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FIGURE 110. 
Black-leg disease of cabbage caused by Phoma lingam. 

association with dead organic matter, and they are favored by high soil 
moisture and high relative humidity in the air. Most of them produce 
conidia and some produce ascospores occasionally or regularly. Several 
produce sclerotia. In all of the above fungi the fungus can overwinter as 
mycelium in infected plant tissues or debris, as sclerotia, or as any of the 
kinds of spores the fungus may produce. These same stages also serve as 
inoculum that can be spread and start new infections. 

G I B B E R E L L A D I S E A S E S 

• Gibberella Stalk Rot, Ear Rot, 
Root Rot, and Seedling Blight of Corn 

The Gibberella diseases of corn are worldwide in distribution and cause 
serious losses. The most important phases of the diseases are stalk rot and 
ear rot. 

In stalk rot, lower internodes become soft and appear tan or brown on 
the outside while internally they may appear pink or reddish (Fig. 111, A, 
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FIGURE 111. 
(A-C) Gibberella stalk and ear rot of corn caused by Gibberella zeae. External (A) 
and internal (B) symptoms. (C) Ear rot. (D) A corn field destroyed by a combination 
of Gibberella and Diplodia stalk rots. (E-G) Diplodia stalk and ear rot of corn 
caused by Diplodia zeae. (E) External discoloration of stalk (left), stalk with 
pycnidia appearing as black dots (middle), and internal disorganization of tissues 
in infected stalk (right). (F) Corn variety resistant (left) and susceptible to Diplodia 
stalk rot, the latter prematurely dead and broken. (G) Diplodia ear rot. (Photos 
courtesy Illinois Agr. Expt. Sta.) 

B). The pith disintegrates leaving only the vascular bundles intact. The 
rot may also affect the roots. Stalk rot leads to a dull gray appearance of 
the leaves, premature death and stalk breakage (Fig. HID). Small, black, 
round perithecia are often produced superficially on rotting stalks. 

In ear rot, often called red ear rot, ears develop a reddish mold that 
often begins at the tip of the ear (Fig. 111C). If infection occurs early, the 
ears may rot completely and a pinkish to reddish mold grows between 
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the ears and the tightly adhering husks. Perithecia may form on husks 
and ear shanks. Corn ears infected with Gibberella are toxic to humans 
and certain animals such as hogs. 

Gibberella is only one of many fungi causing blight of corn seedlings 
and may be carried on or in infected seed or it may attack the seed and 
seedling from the soil. In either case, the germinating seed may be at
tacked and killed before the seedling emerges from the soil, or after 
emergence, in which case the seedling may be killed or become dwarfed 
and chlorotic and later die. Light brown to dark colored lesions are 
usually evident on the tap and lateral roots and in the lower internode. 

Two species of Gibberella, G. zeae and G. fufikuroi (= Fusarium 
moniliforme) are primarily responsible for the symptoms observed on 
corn and for those that will be described on small grains below. Both fungi 
produce ascospores in perithecia and Fusarium-type conidia. Perithecia 
are rather rare in G. fujikuroi. The fungi overwinter as perithecia or as 
mycelium or chlamydospores in infected plant debris, particularly corn 
stalks. In the spring, during wet, warm conditions, mature ascospores are 
released and are carried by wind to corn stalks or ears which they pene
trate directly or through wounds and cause infections. Conidia may also 
be produced on infected corn debris, but they are more commonly pro
duced on infected plant parts in moist, warm weather and serve as the 
secondary inoculum. The diseases are favored by dry weather early in 
the season and wet weather near or after silking. Also, high plant 
density, high nitrogen and low potassium in the plant and early matur
ity of hybrids makes them more susceptible to the diseases. 

Control of Gibberella diseases of corn depends on the use of resistant 
varieties, balanced nitrogen and potassium fertilization and lower plant 
density in the field. 

• Gibberella Scab, Seedling 
Blight, and Foot Rot of Small Grains 

Also worldwide. Caused by the same fungi causing the diseases in corn 
and perhaps some additional species of Gibberella. Losses may be as high 
as 50 percent of the yield. In some areas where corn is grown extensively, 
this disease makes wheat and barley production unfeasible. 

Scab or head blight causes severe damage to wheat and the other 
cereals, especially in areas with high temperature and relative humidity 
during the heading and blossoming period. Infected spikelets first appear 
water soaked, then lose their chlorophyll and become straw colored. In 
warm, humid weather, pinkish-red mycelium and conidia develop abun
dantly in the infected spikelets and the infection spreads to adjacent 
spikelets or through the entire head. Purplish perithecia may also develop 
on the infected floral bracts. Infected kernels become shriveled and dis
colored with a white, pink, or light brown scaly appearance as a result of 
the mycelial outgrowths from the pericarp. As with corn, infected kernels 
of cereals are also toxic to humans, hogs and other animals, containing a 
substance acting as an emetic. 

Seedling blight appears as a light brown to reddish-brown cortical rot 
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and blight either before or after emergence of the seedling above the soil 
line. In older plants, a foot rot develops appearing as a browning of the 
basal leaf sheaths or as a pronounced rotting of the basal part of the plant 
around soil level and for some distance above the soil line. 

Control measures against small grain diseases caused by Gibberella 
are the same as those described for the same diseases of corn. 

• Diplodia Stalk and Ear Rot of Corn 

The disease is present throughout the U.S. and until recent years was the 
most common stalk rot and ear rot in the Corn Belt. Its importance has 
been reduced in recent years by the use of resistant varieties. It has also 
been reported from Africa, Australia, the Philippines, and Romania. The 
disease is most severe on plants affected by foliar pathogens, insects, 
imbalanced fertilization or dry weather in the early growing season fol
lowed by 2 to 3 weeks of wet weather at or after silking. 

Symptoms usually appear several weeks after silking. The leaves of 
infected plants suddenly become grayish green, wilt and become dry as 
though killed by frost. The lower parts of the stalk become tan or brown
ish, soft and weakened, and break easily in the wind and rain (Fig. 11 IF). 
If the stalk is cut open, the pith appears disclolored and disintegrated and 
only the vascular bundles are left intact. Minute dark brown to black 
pycnidia form late in the season just below the epidermis of the lower 
internode of the stalk (Fig. 11 IE). White mycelial growth may also be 
present on the dead stalks. 

Ears infected early show bleached or straw-colored husks and the 
entire ear may become grayish-brown, shrunken, and completely rotted 
(Fig. 111G). Such ears remain light-weight, upright, and because my
celium grows between the ear and the husks and between the husks, 
the latter remain stuck tightly together. Black pycnidia may be present 
at the base of the husks and the sides of the kernels. Ears infected later in 
the season appear normal on the outside, but when ears are broken, they 
show a white mold growing between the kernels and the tips of the 
kernels are discolored. Ear infection, which occurs most commonly in the 
first 2 to 3 weeks from silking, usually begins at the base of the ear and 
advances toward the tip. In some cases premature germination of kernels 
takes place. 

The fungus, Diplodia maydis, produces only conidia in small, black, 
flask-shaped pycnidia. The conidia, however, may be of two types. The 
most common are long, two-celled, olive brown, 6 x 28 μ,πι spores, while 
the less common are long, threadlike, narrow, colorless, 1.5 x 30 μιη 
spores. 

Diplodia overwinters as conidia contained in pycnidia produced on 
infected corn stalk debris, and as mycelium or conidia on seed. When the 
fungus is carried on the seed, it may cause seedling blight, killing seed
lings at any time after germination. Overwintering pycnidia exude sticky 
masses of conidia when the weather becomes warm and moist. The 
conidia may be carried to stalks or ears of corn plants by splashing rain or 
by wind and insects and there they cause infection. The fungus usually 
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attacks corn plants at the crown and spreads for some distance into the 
stalk and the roots. Although it may attack nodes between the crown and 
the ear, infection of the ear is almost never by fungus growing through the 
stalk but rather by spores landing directly on the ear. 

Control of Diplodia stalk and ear rot depends primarily on the use of 
resistant hybrids, and also use of disease-free seed, use of balanced nitro
gen and potassium fertilization, wider spacing of plants, early harvesting, 
and proper storage of ears and shelled corn. 

S C L E R O T I N I A D I S E A S E S 

Fungi of the genus Sclewtinia, which has recently been renamed Whet-
zelinia, especially S. sclerotiorum, cause destructive diseases of numer
ous succulent plants, particularly vegetables and flowers and some 
shrubs. Another species, S. homeocarpa, causes a destructive disease of 
turf grasses. Sclerotinia diseases are worldwide in distribution and affect 
plants in all stages of growth including seedlings, mature plants and 
harvested products in transit and storage. 

• Sclerotinia Diseases of Vegetables 
and Flowers 

The symptoms caused by Sclerotinia vary somewhat with the host or 
host part affected and with the environmental conditions. The Sclerotinia 
diseases are known under a variety of names and the most common of 
these, along with some of the host plants most seriously affected, are the 
following: cottony rot, white mold, or watery soft rot of bean, cabbage, 
carrot, eggplant, citrus, peanut, potato, stock, tobacco, etc.; stem rot and 
timber rot of cucumber, squash, bean, artichoke, asparagus, chrysan
themum, dahlia, delphinium, peony, potato, tomato, soybean, sweet 
potato, etc.; drop of lettuce, broad bean, beet, cabbage, etc.; damping off of 
celery, lettuce, etc.; crown rot or wilt of columbine, snapdragon, etc.; 
blossom blight of narcissus, camellia, etc.; pink joint of red pepper, stem 
canker of hollyhock, root and crown rot of clover, and others. 

The most obvious and typical early symptom of Sclerotinia diseases is 
the appearance on the infected plant of a white fluffy mycelial growth in 
which soon afterwards develop large, compact resting bodies or sclerotia 
(Fig. 112 , A-D). The sclerotia are white at first but later become black and 
hard on the outside and may vary is size from 2 to 10 or more mm in 
diameter, although they are usually more flattened and elongated rather 
than spherical. 

Stems of infected succulent, herbaceous plants at first develop pale or 
dark brown lesions at their base. The lesions are often quickly covered by 
white cottony patches of fungal mycelium. In the early stages of lesion 
development in the stem, the foliage may show little sign of attack and 
infected plants are easily overlooked until the fungus grows completely 
through the stem and the stem rots. Then the foliage above the lesion 
wilts and dies more or less quickly. In some cases the infection may begin 
on a leaf and then move into the stem through the leaf. The sclerotia of 
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FIGURE 112. 
(A-D) Sclerotinia diseases of vegetables and field crops caused by Sclerotinia 
sclerotiorum. (A) Cottony rot of carrot. (B) Stem rot of soybean. (C) Watery soft rot 
of bean. (D) Watery soft rot of cucumber. The black bodies in photos A - C are 
sclerotia of the fungus. (E) Dollar spot disease of turfgrasses caused by 5. 
homeocarpa. (Photos A, C, Ε courtesy U.S.D.A.) 

the fungus may be formed either internally in the pith of the stem, giving 
no outward signs of their presence there, or they may be formed on the 
outside of the stem where they are quite apparent. 

Leaves and petioles of plants such as lettuce, celery, and beets sud
denly collapse and die as the fungus infects the base of the stem and the 
lower leaves. Rapidly the fungus invades and spreads through the stem, 
and the entire plant dies and collapses, each leaf dropping downward until 
it rests on the one below. Mycelium and sclerotia usually appear on the 
lower surface of the outer leaves, but under moist conditions the fungus 
invades the plant completely and causes it to rot, producing a white, 
fluffy, mycelial growth over the entire plant. If dry weather follows 
infection, the fungus forms cankers in the stem that kill the plant with
out a soft rot. Attack of celery produces a characteristic pink or reddish-
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brown, water-soaked area at the base of the affected petioles that is often 
covered by the white mycelium and the rot may spread through the stalks 
causing the collapse of the whole plant. 

Fleshy storage organs, such as carrots, infected by Sclerotinia de
velop a white, cottony growth on their surface whether they are still in 
the field or in storage. Black sclerotia are formed externally (Fig. 112A), 
invaded tissues appear darker than healthy ones and become soft and 
watery. If the disease develops after harvest in the storage house, the rot 
spreads to adjacent roots or whatever the storage organs are and produces 
pockets of rotted organs or all the organs in the crate may become 
infected and collapse producing a watery soft rot, covered by fungus 
growth. 

Fleshy fruits, such as cucumber, squash, and eggplant, and seed pods 
of bean, etc. are also attacked by Sclerotinia either through their closest 
point to the ground, at the point of their contact with the ground or 
through their senescent flower parts. The fungus causes a wet rot that 
spreads from the tip of the fruit or pod to the rest of the organ which 
eventually becomes completely rotted and disintegrated (Fig. 112D). The 
white fungal mycelium and the black sclerotia can usually be seen both 
externally and within the affected pods and fruits. 

Flower infection is important primarily in camellias and narcissus. 
Few to many small, watery, light-brown spots appear on the petals. The 
spots may enlarge, coalesce and involve the entire petal, and eventually 
the entire flower becomes dark brown and drops, but disintegration of the 
flowers occurs only after they have fallen and in wet weather, when the 
fungus produces abundant mycelium and sclerotia. 

The fungus overwinters as mycelium in dead or living plants and as 
sclerotia on or within infected tissues or as sclerotia that have fallen on 
the ground (Fig. 113). In the spring or early summer, the sclerotia germi
nate and produce one to many slender stalks terminating at a small, 5 to 
15 mm in diameter, disk- or cup-shaped apothecium in which asci and 
ascospores are produced. Large numbers of ascospores are discharged from 
the apothecia into the air over a period of 2 to 3 weeks. The ascospores are 
blown away and if they land on susceptible plant parts, they germinate 
and cause infection. Very frequently the sclerotia cause infection by 
producing mycelial strands which attack and infect young plant stems 
directly. Under moist conditions the latter method of infection is proba
bly more common than the one by ascospores. 

Control of Sclerotinia diseases depends on a number of cultural prac
tices and on chemical sprays. In the greenhouse, soil sterilization with 
steam eliminates the pathogen. In the field, chemical soil sterilants have 
been rather ineffective in controlling the disease. Since the disease is 
favored by high soil moisture and high air humidity and affects many 
cultivated and wild plants, susceptible crops should be planted only in 
well-drained soils, the plants should not be spaced too close together for 
air drainage, and the soil should be kept free of weeds between crops. If 
the disease has become severe on susceptible crops, infected plants 
should be pulled and burned to either prevent the fungus from forming 
sclerotia or to remove from the field as many of the sclerotia as possible. 
Since sclerotia remain viable in the soil for at least 3 years and since they 



350 PLANT DISEASES CAUSED BY FUNGI 

Ascospore land s 
and germinate s o n 
plant 

f Ascospore s 
I discharge d 

from asc i 

Mycelium attack s lowe r 
stem, root s etc . 

Mycelium invade s succulen t 
tissues rapidly . Cell s collaps e 

White,f luff y myceliu m grow s o n 
surface o f invade d tissue . Myceliu m 
continues t o invad e tissue s j 

Sclerotia for m o n 
surface o r i n 
cavities o f 
infected tissu e 

Sclerotia 

Sclerotia germinat e t o produc e 
apothecia o r myceliu m 

Fungus overwinter s a s myceliu m o r 
sclerotia i n dea d o r livin g plant s an d 
in o r o n soi l 

Cottony sof t ro t o f bea n pod s I n fiel d 
or i n transi t 

Lower ste m ro t 

Cottony ro t o f 
stored frui t Damping 

off blight 

Cottony sof t ro t o f 
carrot an d cabbag e 

FIGURE 113. 
Development and symptoms of diseases of vegetables and flowers caused by 
Sclerotinia sclerotiorum. 

do not all germinate or die out at the same time, infested fields should be 
planted to nonsusceptible crops such as corn and small grains for at least 
3 years before susceptible crops are planted again. In several crops, good 
control of the Sclerotinia disease has been obtained by spraying the plants 
with benomyl before and during their stage of susceptibility to the patho
gen. 

• Sclerotinia Dollar Spot of Turf Grasses 

The disease is common and severe on various turf grasses throughout the 
United States and probably elsewhere. The overall symptoms on closely 
mowed turf appear as circular, brown to straw-colored, somewhat sunken 
spots the size of a silver dollar, i.e., about 5 to 7 cm in diameter (Fig. 112 
E). In higher mowed turf grasses, the spots are larger, about 10 to 15 cm or 
more in diameter and are more irregular in outline. In either case, spots 
may be numerous or they may enlarge and coalesce to form large patches 
of irregular sunken areas of straw-colored dead turf. When dew is present 
on the grass in the morning, white, fluffy, mycelial growth can be seen on 
the affected leaves, but the sun and wind cause most surface mycelium to 
dry and disappear. When individual grass blades affected by Sclerotinia 
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are examined, especially those at the margins of the enlarging spots, they 
show characteristic light tan lesions with a reddish-brown border that are 
about 2 to 3 cm long. On fine-leafed turf grasses, the lesions usually extend 
across the blades and cause girdling of the leaf and death of the distal leaf 
part resulting in a leaf blight. On coarser grasses, the lesions may occur 
only along the leaf margins causing only portions of leaves to become 
necrotic. Although the fungus attacks only the leaves, it secretes in them 
a toxin that is translocated to the roots and makes them cease elongation 
and root hair formation and finally makes them degenerate, become 
necrotic, and wither. 

The fungus, Sclewtinia homeocarpa, produces small to large paper-
thin, flaky, hard, black sclerotia in or on the soil. The fungus overwinters 
as sclerotia or as mycelium in the crowns and roots of infected plants. In 
the spring the sclerotia germinate by producing mycelium, which along 
with the dormant mycelium is responsible for the majority of new infec
tions. The sclerotia may also germinate by producing apothecia contain
ing asci and ascospores, and the mycelium may form conidia but both 
ascospores and conidia appear to be of minor importance in the spread of 
the disease. Long-distance spread of the fungus is through transfer of 
sclerotia or mycelium in infected clippings by mowing or other equip
ment, while locally the fungus spreads to new plants in a radial fashion by 
means of mycelial growth. The fungus becomes active when temperature 
reaches 10 to 15°C but maximum disease development occurs when plant 
surfaces are wet and the temperature is between 21 and 26°C. The fungus 
then enters the plant through cut leaf tips and stomata causing the 
invaded tissue to appear water soaked and dark before it dries up and 
becomes light tan. If the weather turns dry or fungicides are applied, the 
advance of the fungus is limited to the leaf blade and the plants may 
recover quickly, but if the disease is left unchecked, the fungus advances 
into the crown and kills the infected plants and recovery may be very 
slow. Plants kept in good vigor by balanced fertilization and proper 
irrigation are more resistant to dollar spot infection and, if infected, 
recover more rapidly. 

Control of dollar spot depends on keeping the plants in good growth by 
proper fertilization and irrigation, good soil drainage, pruning of nearby 
shrubs or trees to increase air circulation and avoiding over watering, 
especially frequent sprinkling in late afternoon or evening. Kinds of turf 
grasses that are more resistant to certain strains of Sclewtinia should be 
selected when establishing new lawns. If dollar spot is present, however, 
the use of fungicides such as benomyl, thiram, cycloheximide, chlo-
rothalonil, dyrene, thiabendazole, cadmium fungicides, or thiophanate 
methyl is necessary to bring the disease under control. Applications 
should be made every 3 to 4 days until the plants begin to recover and 
every 7 to 10 or more days afterwards during moist weather during the 
growing season when day temperatures average 16 to 26°C. In areas 
treated with some of the above chemicals, however, the fungus has 
developed strains resistant to these chemicals, and therefore the use of an 
integrated control program alternating contact and systemic fungicides 
rather than using a single fungicide is recommended for the control of 
dollar spot. 
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• Fusarium Root and Stem Rots 

Several Fusarium species cause, instead of vascular wilts, rotting of seeds 
and seedlings (damping off), rotting of roots, lower stems and crowns, and 
rots of corms, bulbs, tubers, etc. (Fig. 114, A, B). The plants affected belong 
to widely separated families and may be vegetables, flowers, turf grasses, 
field crops, and weeds. These diseases are worldwide in distribution and 
cause severe losses by reducing stands and the growth and yield of in
fected plants. 

In root rots, as those of bean, peanut, soybean, asparagus, and turf 
grasses, tap roots of young plants at first show a slightly reddish discol
oration,- this later becomes darker red to brown and larger, more or less 
covering the tap root and the stem below the soil line without a definite 
margin, or appearing as streaks extending up to the soil line. Longitudinal 
fissures appear along the main root while the small lateral roots are 
killed. Plant growth is generally retarded and in dry weather the leaves 
may turn yellow and even fall off. Sometimes, infected plants develop 
secondary roots and a large number of rootlets just below the soil line and 
these, under favorable moisture conditions, may be sufficient to carry the 
plant to maturity and to production of a fairly good crop. In many cases, 
however, infected plants decline and die with or without wilt symptoms. 

In stem rots, such as those of carnation, chrysanthemum, etc,, infected 
plants wilt and die from a stem rot at the base of the plant. Lesions 
develop on the stem at or below the soil line and their edges often have 
pink or red discolorations. The lesions develop inward from the outside 
and usually there is no internal stem discoloration, but in some plants a 
brown discoloration may extend in the wood of the stem for a consider
able distance above the ground. In older plants the roots may have also 
rotted and may have sloughed off. 

Rots of bulbs, corms, tubers, etc. by species of Fusarium can occur in 
the field and in storage. They are common on plants such as onion, iris, 
lily, and gladiolus. The rot can start at uninjured sides of bulbs, corms, or 
tubers, but it often starts at wounds, at the base of these organs, at injured 
or diseased roots or foliage, or through the cuts formed on such tissues 
during harvest. Invaded bulbs and corms may or may not show outward 
symptoms although usually the basal plate and fleshy scales, as well as 
the roots, are brown to black, sunken and decaying and often containing 
mats of mycelium. The rot is generally dry and firm. The foliage turns 
yellow, purple or brown and dies prematurely. Tubers usually develop 
small brown patches that soon enlarge, become sunken, and show con
centric wrinkles that contain cavities lined with white mycelium. Even
tually large parts of the tuber or entire tubers are destroyed and become 
hard and mummified, unless it is humid and then they are invaded by soft 
rotting bacteria. 

In the Fusarium blight of turf grasses, the fungus attacks the leaves, 
crown and roots of plants and results at first in small, scattered patches, 5 
to 15 cm in diameter, of reddish-brown to tan and finally straw-colored 
dead plants. The patches enlarge as streaks, crescents, or circular areas up 
to one meter or more in diameter, and if such patches are numerous they 
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FIGURE 114. 
(A) Damping off of cucumber seedlings caused by Fusarium sp. Healthy plant at 
right. (B)Fusarium root and stem rot of bean. (C-E) Black root rot of tobacco (C, D) 
and of bean (E) caused by Thielaviopsis basicola. Inset in D shows spores of the 
fungus. (Photo Β courtesy U.S.D.A. Photo Ε courtesy G. C. Papavizas.) 

coalesce and form large areas of dead grass. The disease is most severe at 
high temperatures and humid weather on sunny exposures of turf where 
plants die rapidly as the crown and root tissues are destroyed by a brown
ish dry rot. Pink mycelium of the pathogen is sometimes present on the 
corms of diseased plants near the soil line. 

The fungus, Fusarium sp., produces two types of conidia on 
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sporodochia, 1- to 2-celled microconidia, and the typical Fusarium-type 
macroconidia consisting of 3- to 9 (usually 4 to 5)-celled, slightly curved, 
with more or less pointed ends. Fusarium also produces 1- to 2-celled, 
thick-walled chlamydospores that can withstand drought and low temper
atures. The fungus can live on dead plant tissue and can overwinter as 
mycelium or spores in infected or dead tissues or seed. The spores are 
easily spread by air, equipment, water, contact, etc., and the fungus is 
already present in many soils as mycelium or spores. 

Control of Fusarium rots of root, stem, corms, etc. is possible in the 
greenhouse through soil sterilization and use of healthy propagative 
stock, but there are no adequate control measures for these diseases in the 
field. Rotation with nonsusceptible crops, good soil drainage, use of 
disease-free or fungicide-treated seed or other propagative stock may help 
reduce losses. Fertilization with nitrate form of nitrogen also helps reduce 
disease, as does use of resistant varieties when available. Treatment of 
propagative stock with benomyl or application of benomyl sprays on the 
plants in the field or greenhouse has greatly reduced the incidence of 
Fusarium rots on many kinds of plants, including and especially on turf 
grasses. 

• Phymatotrichum Root Rot 

Phymatotrichum root rot, usually called Texas root rot or cotton root rot, 
occurs only in the southwestern U.S. and Mexico. This disease probably 
affects more kinds of cultivated and wild dicotyledonous plants than any 
other. Its hosts include many fruit, forest and shade trees, most vegeta
bles and flowers, field crops such as cotton and alfalfa, ornamental 
shrubs, and many weeds. It causes its greatest losses in cotton in the area 
from Texas to Arizona and Mexico. 

In cotton, for example, infected plants appear in patches in the field 
and at first show a yellowing and bronzing of the leaves. The leaves then 
show a slight wilting and turn brown and dry but remain attached to the 
plant. Below the soil line, and in some plants up to a foot or more above 
the soil line, the bark and cambium turn brown resulting in a firm brown 
rot of the root and the lower stem. The surface of rotted roots is usually 
partly covered by coarse, brown, parallel strands of mycelium and this 
characteristic helps diagnose the disease. 

The fungus, Phymatotrichum omnivorum, produces mostly yel
lowish, thin-celled mycelium but also mycelium made of larger cells. 
The hyphae grow closely compressed together or interwoven into thick 
mycelial strands that have characteristic slender, tapering, cross-like side 
branches. Older strands are dark brown and have few side branches. 
Phymatotrichum produces short, stout, simple, or branched conid-
iophores that have swollen tips and bear loose heads of dry, colorless, 
one-celled conidia that apparently do not germinate or cause infection. 
The fungus also produces numerous small, brown to black sclerotia, 
singly or in chains, which germinate to produce mycelium. Most of the 
fungus mycelium and sclerotia are found in soil depths between 30 and 75 
cm. Closer to the soil surface the fungus is adversely affected by the 
normal soil microflora. 
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The mycelial strands and especially the sclerotia of the fungus can 
survive in the soil for 5 or more years. Tfre fungus survives best and 
causes considerably more damage to plants growing in alkaline, black, 
heavy clay soils that are poorly aerated. The fungus requires high temper
ature and adequate soil moisture for greatest activity provided the soil pH 
is near or above neutral. 

The fungus enters the plant below the soil line and then grows down
ward throughout the root and, on some plants, it also invades the lower 
stem. The fungus spreads from plant to plant through the growth of the 
mycelial strands and through the spread of such strands or sclerotia by 
farm equipment, transplants, etc. Once introduced into an area, the 
fungus can survive on cultivated plants and weeds indefinitely, provided 
the soil and temperature conditions are favorable. The pathogen cannot 
stand temperatures below freezing for any appreciable time and its nar
row geographical distribution seems to be the result of its high tempera
ture and alkalinity requirements. 

Control of Phymatotrichum root rot depends on long rotations with 
grain crops, weed eradication, deep plowing and aeration to keep the soil 
well aerated, and the use of green manure crops, such as thickly planted 
corn, sorghum or legumes, which upon decay favor the buildup of large 
populations of microorganisms that are antagonistic to Phymatotrichum. 
Soil fumigation with ethylene dibromide, vapam, etc., is effective if 
applied annually and the value of the crop justifies the expense, but it has 
not generally proven practical because of the rapid spread of the pathogen 
from deeper in the soil to the root zone once the fumigant has evaporated. 

• Thielaviopsis Black Root Rot 

It is widely distributed in the north temperate zone and affects many 
vegetables, flowers and field crops, including bean, beet, cotton, peanut, 
squash, soybean, tobacco, and tomato. Thielaviopsis may cause damping 
off of seedlings of these crops but is much more common as the cause of 
the black root rot symptoms. 

Infected plants make poor growth, have a yellow or chlorotic appear
ance and may wilt temporarily and then recover when warm weather 
prevails or they may die. The symptoms of the aboveground parts of the 
plants are the result of the destruction of the finer roots of the plant by 
the fungus and the pruning of the larger roots, leaving the black-rotted 
root stubs that are diagnostic for the disease (Fig. 114, C-E). The pathogen 
enters the root by direct penetration, through wounds or at the points 
where branch roots emerge. The plant first produces a gray to reddish 
lesion, which, as the fungus invades the root cortex, becomes coal black 
and spreads downward over much of the tap root surface and into the side 
roots. Small roots and stems are invaded thoroughly by the fungus and 
rot, while in larger roots the blackening may be limited to the cortex or 
may also spread into the central stele. 

The fungus, Thielaviopsis basicola, produces two kinds of conidia: 
endoconidia or phialospores, which are small, colorless and cylindrical 
and are produced in great numbers out of a thin, long spore case that looks 
like regular mycelium with a slightly wider base; and chlamydospores or 
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macroconidia which are large, dark brown, thick-walled and usually 3 to 
10 celled (Fig. 114D) before jhey break apart into smaller cell groups or 
single, biscuit-shaped chlamydospores. The endoconidia can germinate 
immediately and cause infection while the chlamydospores require a 
short resting period before they can germinate. 

The fungus overwinters as chlamydospores and as mycelium in in
fected tissue and in plant debris in the soil. The survival and activity of 
the fungus are favored by high soil moisture and relatively low tempera
tures, whether the soil is alkaline or acid but low in humus. Thielaviopsis 
penetrates roots directly and even better through wounds during cool, 
wet weather. Infection and reproduction of the fungus generally are not 
rapid, and its parasitic activity is greatly restricted as the soil temperature 
rises, probably as a result of reduced activity of the pathogen and of 
increased ability of the plant to defend itself at higher temperatures. The 
fungus spreads through the soil as mycelium but primarily as spores 
carried by water, wind, or farm equipment. Long-distance transport is 
primarily through infected transplants, and in a few crops, such as clover 
and alfalfa, with the seeds. 

Thielaviopsis black root rot is controlled in some crops, such as to
bacco, primarily through the use of resistant varieties, while in many 
other crops no varieties resistant to this disease are known. Good soil 
drainage is important, while crop rotation is impractical because of the 
many weeds and crop plants that are susceptible to the disease, although 
small grains seem to be resistant. Eradication of weeds and late planting 
when the weather is warm help avoid heavy infections of the crop. Soil 
sterilization with steam controls the disease in the greenhouse or cold 
frames. Soil fumigation in the field helps but does not eliminate the 
disease and is not usually practiced for control of this disease alone. 
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POSTHARVEST DISEASES 
OF PLANT PRODUCTS CAUSED 
BY ASCOMYCETES AND 
IMPERFECT FUNGI 

Postharvest diseases of plant produce or plant products are those that 
develop during harvesting and subsequently during grading, packing and 
transportation of the crop to market; during its storage at shipping points 
or at the market; and during the various handling operations required to 
move the crop from the grower to the wholesale dealer, to the retail store 
and, finally, to the consumer. Postharvest diseases actually continue to 
develop while the produce is in the possession of the final consumer but 
is further stored by him at room temperature or under refrigeration until 
the moment of its actual consumption or use (Figs. 115, 116, 117). During 
any of these operations the product may show symptoms of diseases that 
had begun in the field but remained latent till later; the product may be 
subjected to environmental conditions or treatments that are themselves 
harmful to the product and impair its appearance and food value,- or the 
product may be subjected to conditions that favor its attack by decay-
producing microorganisms which usually cause a portion of it to rot and, 
in some cases, by secreting toxic substances, make the remainder of the 
product unfit for consumption or of much lower nutritional and sale 
value. 

All types of plant produce and products are susceptible to postharvest 
diseases. Generally, the more tender or succulent the exterior of the 
product, and the greater the water content of the entire product, the more 
susceptible it is to injury and to infection by fungi and bacteria. Thus, 
succulent, fleshy fruits and vegetables such as strawberries, peaches, 
tomatoes, cucurbits, citrus, green vegetables, bananas, onions, and pota
toes, as well as cut flowers, bulbs, corms, etc., are affected by postharvest 
diseases to a greater or lesser extent. The extent of damage or loss depends 
on the particular product, on the disease organism or organisms involved, 
and on the storage conditions. Although rotting of fresh fruits and vegeta
bles is much more common and is encountered by everyone at the retail 
store or at home, rotting of cereal grains and of legumes is also quite 
common and the losses caused by it quite large. Losses of grains and 
legumes, however, in spite of their magnitude, occur primarily at the 
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large bins or warehouses of the growers, wholesalers, or manufacturers, 
and are seldom observed by the general public. In addition, postharvest 
decays of hay, silage, and other feed stuffs are quite large. 

Losses of fresh fruits, vegetables and flowers to postharvest diseases 
are usually direct, i.e., they result in reduced quality, quantity or both of 
the affected product. With grains and legumes, however, damage from 
postharvest diseases, in addition to similar direct losses of quality and 
quantity, also results from the production by some infecting microorgan
isms of toxic substances known as mycotoxins. Mycotoxins are poison
ous to humans or animals consuming products made from grains or 
legumes partially or totally infected with such microorganisms. Mycotox
ins are also produced by some fungi that infect fresh fruits and vegeta
bles, but in these they are removed during grading, preparation, or before 
consumption through discarding of the rotten fruits or vegetables or their 
rotten parts. With increased use by large manufacturers of bulk quantities 
of fresh fruits and vegetables to make fruit or vegetable juices, purees, 
cole slaw, baby foods, etc., quality control of individual fruits and vegeta
bles becomes all but economically impractical and, therefore, the impor
tance of postharvest infections and the presence of mycotoxins in bulk-
prepared foods is likely to increase in the future. 

Postharvest diseases are caused mainly by a relatively small number of 
Ascomycetes and Imperfect Fungi, by a few Phycomycetes, a few Ba-
sidiomycetes, and by a few species of bacteria. The bacteria are primarily 
of the genera Erwinia and Pseudomonas. Of the Phycomycetes, Pythium 
and Phytophthora cause only soft rots of fleshy fruits and vege
tables that are usually in contact with or very near the soil and they may 
spread to new, healthy fruit during storage. Two other Phycomycetes, 
Rhizopus and, sometimes, Mucor, affect fleshy fruits and vegetables after 
harvest and also stored grains and legumes, as well as prepared foods such 
as bread, when moisture conditions are favorable (Figs. 115, 116, 117). Of 
the Basidiomycetes, Rhizoctonia and Sclerotium cause rotting of fleshy 
fruits and vegetables, while several fungi, e.g., Polyporus, Poria, and 
Fomes, cause deterioration of wood and wood products. The Ascomycetes 
and Imperfect Fungi that cause postharvest diseases are by far the most 
common and most important causes of postharvest decay and they will 
be discussed in some detail below. 

The fungi and bacteria mentioned above as causing postharvest dis
eases are usually primary parasites, i.e., they attack healthy, living tissue 
which they disintegrate and cause to rot. They are often, however, fol
lowed into the tissue by other fungi and bacteria that act as secondary 
parasites, i.e., they live saprophytically on tissues already killed and 
macerated by the primary parasites. Also, it is not uncommon for more 
than one of the primary parasites to attack the same tissue concurrently 
or in sequence. Thus, often some of the primary parasites also act as 
secondary ones. 

Many of the postharvest diseases of fruits, vegetables, grains, and 
legumes are the results of incipient infections of the plants or their fruits 
by pathogens in the field while the plants and fruits are still developing, 
or after the fruits or seeds have matured in the field but before they are 
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harvested. Symptoms from such "field infections" may be too incon
spicuous to be noticed at harvest. In fleshy fruits and vegetables field 
infections continue to develop after harvest while in grains and legumes 
the development of field infections ceases soon after harvest. In fleshy 
fruits and vegetables new infections may be caused in storage by the same 
or other pathogens, while in grains and legumes storage infections are 
usually caused by pathogens other than those causing field infections. 

As with all fungal and bacterial plant diseases, postharvest diseases are 
greatly favored by, indeed they depend on, the presence of high moisture 
and high temperatures. Fleshy fruits and vegetables contain plentiful 
amounts of water and, since they are generally kept at high relative 
humidities to avoid shrinkage, they make excellent substrates for attack 
by pathogenic microorganisms, provided the latter can penetrate the 
outer protective coating of the fruit or vegetable. Wounds, cuts, and 
bruises, which are common in fleshy tissues, provide the most common 
and effective courts for penetration; but penetration through natural 
openings, such as lenticels, also occurs, and direct penetration through 
the cuticle and epidermis, especially of fruits and vegetables in contact 
with infected ones, is quite common. Once a fresh fruit or vegetable 
becomes infected, further development of the infection and spread to 
adjacent fruits or vegetables depends mainly on the storage temperature. 
Generally, the higher the temperature the faster is the development and 
spread of the disease, while at lower temperatures pathogens and the 
diseases they cause develop slower or cease to develop at all. 

On the other hand, grains and legumes can be, and ordinarily are, kept 
for long periods of time because their moisture content is low or can be 
reduced to as low as 12 to 14 percent. At such low moisture content 
almost none of the fungi that cause field infections can continue to grow 
and to cause new infections immediately, or even later when the grains 
become remoistened. There are, however, other fungi that can infect 
grains and legumes whose moisture content is about or slightly lower 
than 14 to 15 percent and the severity and spread of infection increase 
drastically with the slightest increase in moisture above that range. High 
temperatures favor the infection of grains with high moisture content, 
just as they do of fruits and vegetables. Frequently, however, the infection 
itself results in a drastic rise of the temperature of the moistened infected 
grain due to the heat produced as a result of respiration of the actively 
growing fungi and bacteria that cause the infection. 

• Postharvest Decays of Fruits 
and Vegetables 

The most common Ascomycetes or Imperfect Fungi and the main post-
harvest diseases they cause are the following: 

Alternaria. Its various species probably cause decay on most, if not 
all, fresh fruits and vegetables either before or after harvest. The symp
toms may appear as brown or black, flat or sunken spots with definite 
margins, or they may appear as diffuse, large, decayed areas that are 
shallow or extend deep into the flesh of the fruit or vegetable. The fungus 
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develops well at a wide range of temperatures, even in the refreigerator, 
although its development is slower at low temperatures (Fig 115F). The 
fungus may spread into and rot tissues internally with little or no 
mycelium appearing on the surface, but usually a mat of mycelium that is 
white at first but later turns brown to black forms on the surface of the 
rotted area. Some of the most serious diseases caused by Alternaria after 
harvest are Alternaria rot of lemons and black rot of oranges, Alternaria 
rot of tomatoes, peppers, eggplant, apples, cucumber, squash, and melons, 
cabbage, cherries, grapes, strawberries, tuber rot of potatoes, rot of sweet 
potatoes, purple blotch of onion, etc. 

Botrytis. It causes the ''gray molds'' or "gray mold rots" of fruits and 
vegetables, both in the field and in storage. There is practically no fresh 
fruit, vegetable, bulb, etc. that is not attacked by Botrytis in storage. 
Some of them, e.g., strawberry, lettuce, onion, grape, and apple, are 
also attacked in the field near maturity or while green. The decay may 
start at the blossom or stem end of the fruit, or at any wound, crack, or 
cut of storage tissues. The decay appears as a well-defined water-soaked, 
then brownish, area that penetrates deeply and advances rapidly into the 
tissue. In most hosts and under humid conditions a grayish or brownish-
gray, granular, velvety mold layer develops on the surface of decaying 
areas. Gray molds are most severe in cool, humid environments and 
continue to develop, although slower, even at 0°C. Heavy losses are 
caused in storage annually by the gray mold fungus on many fleshy fruits 
and vegetables, particularly pears, apples, strawberries, citrus, tomatoes, 
onions, and others. 

Fusarium. It causes postharvest "pink or yellow molds" on vegeta
bles and ornamentals, and especially on root crops, tubers, and bulbs, but 
low-lying crops such as cucurbits and tomatoes are also frequently af
fected. A brown rot of oranges and lemons held in storage for long periods 
is also caused by Fusarium. With most vegetables, contamination with 
Fusarium takes place in the field before or during harvest but infection 
may develop in the field or in storage. Losses are particularly heavy with 
crops, such as potatoes, that are stored for long periods of time. Affected 
tissues appear fairly moist and light brown at first, but later they become 
darker brown and somewhat dry. As the decaying areas enlarge, they often 
become sunken, the skin is wrinkled and small tufts of whitish, pink, or 
yellow mold appear. Similar mycelial tufts also develop in hollow 
places formed in decaying tissues. The infection of softer tissues such as 
tomatoes and cucurbits develops faster and is characterized by pink 
mycelium and pink, rotten tissues (Fig. 115G). 

Geotrichum. It causes the "sour rots" of citrus fruits, tomatoes, 
carrots, and other fruits and vegetables. Sour rot is one of the messiest and 
most unpleasant rots of susceptible fruits and vegetables. Although it 
may affect tomatoes at the mature green stage, it is the ripe or overripe 
fruits and vegetables, especially when kept in moisture-holding plastic 
bags or packages, that are particularly susceptible to sour rot. The fungus 
is widely distributed in soils and decaying fruits and vegetables and 
contaminates fruits and vegetables before or during harvest. The fungus 
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FIGURE 115. 
Some fungi causing postharvest diseases, and a few common such diseases. (A) 
Scanning electron micrograph of conidiophore and conidia of Aspergillus flavus. 
(B) Bread mold caused by Aspergillus. (C) Rhizopus mycelium and sporangia 
growing from naturally contaminated seed. (D) Scanning electron micrograph of 
Penicillium. (E) Blue mold of orange caused by Penicillium italicum. (F) 
Cucumber rot during cold storage caused by multiple infections by Alternaria. (G) 
Squash rot in the field or storage caused by Fusarium. (Photos A and D courtesy 
M. F. Brown and H. G. Brotzman.) 
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penetrates fruits, etc. usually after harvest, at stem scars, skin cracks, 
cuts, and punctures of various sorts. Infected areas appear water soaked 
and soft and are easily punctured. The decay spreads rapidly, at first 
mainly inside the fruit, and eventually involves the whole fruit. Later, the 
skin frequently cracks over the affected area and is usually filled with a 
white, cheesy, or scumlike development of the fungus. Also, a thin, 
water-soaked layer of compact cream-colored fungal growth develops on 
the surface, while the whole inside becomes a sour-smelling, decayed, 
watery mass. Fruit flies, which are attracted to tissues affected with sour 
rot, further spread the pathogen. The fungus prefers high temperatures (24 
to 30°C) and humidity but is active at temperatures as low as 2°C. 

Penicillium. Its various species cause the "blue mold rots" and the 
"green mold rots" which are also known as Penicillium rots. They are the 
most common and usually the most destructive of all postharvest dis
eases affecting all kinds of citrus fruits, apples, pears, and quinces, grapes, 
onions, melons, figs, sweet potatoes, and many other fruits and vegeta
bles (Fig. 115, D, E). On some fruits, e.g., citrus, some infection may take 
place in the field, but blue molds or green molds are essentially posthar
vest diseases and often account for up to 90 percent of decay in transit, in 
storage, and in the market. Penicillium (Fig. 115E) enters tissues through 
breaks in the skin or rind and even through lenticels. However, it can 
spread from infected fruit to healthy ones in contact with the infected 
through the uninjured skin. Penicillium rots at first appear as soft, 
watery, slightly discolored spots of varying size and on any part of the 
fruit. The spots are rather shallow at first but develop deeper quickly and, 
at room temperature, most of the fruit or the whole fruit decays in just a 
few days. Soon after decay develops, a white mold begins to grow on the 
surface of the skin or rind, near the center of the spot. Later, the fungus 
growth starts producing spores. The sporulating area has a blue, bluish-
green, or olive green color and is usually surrounded by a narrow or wide 
band of white mycelium with a band of water-soaked tissue ahead of the 
mycelium. The surface growth of the fungus develops on spots of any size 
as long as the air is moist and warm. In cool, dry air, surface mold is rare, 
even when the fruits are totally decayed. Under storage conditions, small, 
spore-bearing tufts appear on the surface of the spots. Decaying fruit has a 
musty odor and under dry conditions may shrink and become mum
mified while under moist conditions, when secondary fungi and yeasts 
also enter the fruit, it is reduced to a wet, soft mass. 

Although most of the damage from blue mold and green mold rots 
shows up in storage and market, the occurrence of these molds is greater 
when the fruit is picked and handled during wet, humid weather rather 
than cool and dry; when fruits are delayed in going into storage; cooled 
slowly in storage; stored until late in the season, or held at warm temper
atures after removal from storage. The most important factor, however, 
that favors these rots, especially early in the storage season, is mechanical 
injuries to the fruit surface. Although blue mold and green mold are 
favored by relatively high storage temperatures, they continue to be 
slowly active even at temperatures near freezing. Some Penicillium 
species produce ethylene, which diffuses into the container or storage 
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room and increases fruit respiration, affects its coloring and accelerates 
its maturity and senescence, thus reducing the storage life of the healthy 
fruit as well. 

In addition to the losses caused by the rotting of fruits and vegetables 
by Penicillium, the fungus also produces several mycotoxins, such as 
patulin, in the affected products, which contaminate juices, sauces, etc. 
made from healthy and partly rotten fruits. These mycotoxins may cause 
lesions or degenerations of internal organs such as intestines, kidneys, 
liver, may affect the nervous system, and some of them also cause can
cerous tumours. 

Sclerotinia. It causes the "cottony rot" of citrus fruits, especially 
lemons, and the "watery soft rot" of bean pods (Fig. 116B), crucifers, 
cucurbits, strawberries, many other fruits, and practically all vegetables 
except onions and potatoes. In a moist atmosphere, a characteristic soft, 
watery decay is produced and the affected tissues are rapidly covered with 
a white, cottony growth of mycelium that is the outstanding distinguish
ing characteristic of this decay. The degree of wetness varies with the 
succulence of the tissues and the humidity of the surrounding air. In 
moist air, succulent decaying products actually leak and may be com
pletely liquefied leaving a pool of juice. In dry air the water frequently 
evaporates as fast as it is liberated by the decay and the tissues dry down 
into a mummy- or parchmentlike remains. Cottony rot is a rapidly 
spreading, contact decay that attacks both green and mature fruits and 
vegetables and makes so vigorous and compact a growth as it spreads 
from one fruit to another that it enmeshes them in its mycelium and 
creates the so-called "nests." Black, irregularly shaped, sclerotial bodies 2 
to 15 mm long later develop in the fungus mat. The fungus is most active 
and the severity of the rot increases with temperature up to 21 to 25°C 
but, once started, rotting of tissues continues at temperatures as low as 
0°C. 

Control of postharvest decays of fresh fruits and vegetables for some 
diseases depends on effective control of the pathogens that cause the 
same diseases in the field so that the crop will not be contaminated with 
the pathogens at harvest and subsequently in storage. The crop should be 
harvested and handled carefully to avoid wounds, bruises and other in
juries that would serve as ports of entry for the pathogen. Harvesting and 
handling of the crop should be done when the weather is dry and cool to 
avoid further contamination and infection. The crop should be cooled as 
quickly as possible to prevent the establishment of new infections and 
the development of existing ones. All fruits or vegetables showing signs 
of infection should be removed from the crop that is to be stored or 
shipped to avoid further spread of the disease. The storage containers, 
warehouse, shipping cars, etc. should be clean and disinfected with 
formaldehyde, copper sulfate, or other disinfectant before use. The crop 
should be stored and shipped at a temperature low enough to slow down 
development of infections and the physiological breakdown of the tis
sues, but not too low so as to cause chilling injuries which then serve as 
ports of entry for fungi. The crop should be free of surface moisture when 
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FIGURE 116. 
Rhizopus soft rot of peaches (A) and Sclerotinia cottony soft rot of beans (B) 
developing during harvest and storage. (Photos courtesy U.S.D.A.) 

placed in storage and there should be adequate ventilation in storage to 
prevent excessively high relative humidity from building up and condens
ing on the fruit surface. Packaging in plastic bags should be avoided. The 
crop should be free of insects and other pests when placed in storage and 
should be kept free of them while in storage to avoid creation of new 
wounds and development of new infections. Some crops, e.g., sweet 
potatoes and onions, can be protected from some decay fungi by "curing" 
at 28 to 32°C for 10 to 14 days, which helps reduce surface moisture and 
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heal any exposed wounds by suberization or wound periderm formation. 
Hot-air or hot-water treatment is sometimes used to eradicate incipient 
infections at the surface of some fruits. Gamma rays may be useful in 
reducing storage rots of some crops. Finally, postharvest decays can be 
controlled by use of chemical treatments to prevent infection and sup
press development of the pathogen on the surface of the diseased host. 
The chemicals most commonly used for such treatments include 
sodium-o-phenylphenate, dichloran, 2-aminobutane, thiabendazole, 
soda ash, borax, etc. These are usually applied as fungicidal wash treat
ments and are more effective when used "hot" at temperatures between 
28° and 50°C, depending on the susceptibility of the crop to injury from 
heat. Some fungicides, such as dichloran, biphenyl, acetaldehyde vapors, 
and some ammonia-emitting or nitrogen trichloride-forming chemicals, 
are used as supplementary, volatile in-package fungistats impregnated in 
paper sheets during storage and transport. 

• Postharvest Decays of Grains 
and Legumes 

Although several Ascomycetes and Imperfect Fungi such as Alternaria, 
Cladosporium, Colletotrichum, Diplodia, Fusarium, and Helmintho
sporium attack grains and legumes in the field (Fig. 117), they require too 
high a moisture content in the grain (24 to 25 percent) in order to grow 
and are, therefore, unable to grow in grains after harvest since grains are 
usually stored at a moisture content of 12 to 14 percent. Such fungi 
apparently die out after a few months in storage or are so weakened that 
they can no longer infect new seeds, but in the meantime they may 
discolor seeds, kill ovules, weaken or kill the embryos, cause shriveling of 
seeds, and may produce compounds (mycotoxins) toxic to man and ani
mals. 

Most of the decay or deterioration of grains and legumes after harvest, 
i.e., during storage or transit, is caused by several species of the fungus 
Aspergillus (Fig. 115). Sometimes Penicillium infection occurs in grains 
or legumes stored at low temperatures and with slightly above normal 
moisture content. Also, Geotrichum is often present in seed that has 
deteriorated in storage due to infection by Aspergillus, but it does not 
itself seem to be important as a cause of seed decay. 

Each of the various species or groups of species of Aspergillus respon
sible for seed deterioration has rather definite lower limits of seed mois
ture content below which it will not grow. They also have less well-
defined optimum and upper limits of seed moisture content, these, espe
cially the upper limit, being determined mostly by competition with 
associated species whose requirement for optimum moisture content 
coincides with the upper limit at which the former species can survive. 
Because of competition with field fungi or for other unknown reasons, the 
storage fungi do not invade grains to any appreciable extent before har
vest. 

Aspergillus and the few other storage fungi, by invading the embryos 
of seeds, cause a marked decrease in germination percentage of infected 
seeds used for planting or in malting barley. Storage fungi also discolor 
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FIGURE 117. 
Some seed infections by fungi. (A) Close-up of corn ear infected with Fusarium 
moniliforme. (B) Sweet corn seedlings infected with Fusarium carried in corn 
kernels. (C) Sweet corn seedling infections after 5 days in the laboratory 
germinator. Top to bottom: Rhizopus, Diplodia, Penicillium, Fusarium. (D) 
Healthy corn kernels (A) and kernels infected with Diplodia (B), Physalospora (C), 
Nigrospora (D), and Cladosporium (Ε). (E) Pea seeds discolored and infected by 
different fungi. (Photos A and D courtesy Illinois Agr. Expt. Sta.) 
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the embryos and the seeds they kill or damage and this reduces the grade 
and price at which the grain can be sold; flour containing more than 20 
percent discolored kernels yields bread of smaller loaf volume and of 
"off" flavor. In many cases nearly 100 percent of the embryos of wheat 
may be infected with Aspergillus without yet showing discoloration and 
this wheat is routinely and unknowingly used to make bread, etc., but 
whether such grain ever poses a health hazard is not known. Infection of 
grains, hay, feeds, cotton, etc., stored in bulk or during long shipping, 
results in increased growth and respiration of the fungi and this causes 
varying degrees of heating of the material; it also produces moisture of 
respiration which raises moisture in adjacent grain. Although not all 
spoilage of stored grains results in drastic or even detectable heating, any 
spoilage in progress produces heat which in some materials may raise the 
temperature up to 70°C or more. The fungi operate at the lower moisture 
contents where no free water is available, and bacteria at the higher 
moisture contents. 

• Mycotoxins and Mycotoxicoses 

One of the more important effects of postharvest decays of fruits and 
vegetables, and especially of seed and feed deterioration by fungi (Fig. 
117), is the induction of mycotoxicoses, i.e., diseases of animals and 
humans caused by consumption of feeds and foods invaded by fungi that 
produce toxic substances called mycotoxins. Some mycotoxicoses caused 
by common and widespread fungi such as Aspergillus, Penicillium, 
Fusarium, and Stachybotrys result in severe illness and death. Aspergil
lus and Penicillium produce their toxins mostly in stored seeds, hay, or 
commercially processed foods and feeds, although infection of seeds usu
ally takes place in the field. Fusarium produces its toxins primarily on 
corn and other grains infected in the field or after corn is stored in cribs. 
Stachybotrys produces its toxins while colonizing straw, hay, or other 
cellulose products used as fodder or bedding for animals. 

The mycotoxins produced by each of these fungi may differ from each 
other in their chemical formula, products in which they are produced, 
conditions under which they are produced, their effects on various ani
mals and humans, and in degree of toxicity. Several different fungi, 
however, produce some of the same or closely related toxins. The main 
mycotoxins produced by the above fungi and some of their properties are 
listed below. 

Aflatoxin. Its name derives from the fact that it was originally found 
to be produced by Aspergillus flavus, but is now known to be produced by 
other species of Aspergillus. Aflatoxin may be produced in infected cereal 
seeds and most legumes but in these it reaches a rather low (about 50 ppb) 
and probably nontoxic concentration. However, in peanuts, cottonseed, 
fishmeal, brazil nuts, copra, and probably other seeds or nuts grown in 
warm and humid regions, aflatoxin is produced at high concentrations (up 
to 1000 ppb or more) and causes mostly chronic or occasionally acute 
mycotoxicoses in humans and domestic animals. Aflatoxin exists in a 
variety of derivatives with varying effects. Some of these toxins, when 
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ingested with the feed by dairy cattle, are excreted in the milk in still 
toxic form. The symptoms of mycotoxicoses caused by aflatoxin in ani
mals, and presumably humans, vary widely with the particular toxin and 
animal, dosage, age of animal, etc. Serious illness and death are not un
common in young ducklings and turkeys fed high dosages of aflatoxin. 
Also, weakening, debilitation, abortion, reduced growth, nausea, refusal 
of feed, and predisposition to other infectious diseases are possible effects 
of low dosages of aflatoxin fed over long periods to pregnant sows, calves, 
fattening pigs, mature cattle, and sheep. Moreover, most of the ingested 
aflatoxin is taken up by the liver and, in some experiments, animals given 
feed containing even less than the permissible (20 ppb) amount of afla
toxin almost invariably developed liver cancer. 

Fusarium toxins. Two groups of toxins, zearalenone, and its deriva
tives, and trichothecene and its derivatives, are produced by several 
species of Fusarium primarily in molded corn. Zearalenone, also known 
as F-2 mycotoxin, is produced by Fusarium roseum, F. moniliforme, F. 
tricinctum, and F. oxysporum. It seems to be most toxic to swine in 
which it causes abnormalities and degeneration of the genital system, the 
so-called "estrogenic syndrome." Female swine fed zearalenone-
containing feed develop swollen vulvas bearing bleeding lesions,- atrophy
ing, nonfunctioning ovaries,- abortion; and piglets that are born are small 
and weak. Male swine show signs of feminization—atrophy of the testes 
and enlargement of the mammary glands. Trichothecins, of which the 
most common one is known as T-2 mycotoxin, are produced by the same 
and by several other species of Fusarium. Some trichothecenes are also 
produced in feed infected with Cephalosporium, Mycothecium, 
Trichoderma, and Stachybotrys. In nature they are most toxic when fed 
to swine in which they cause, among other symptoms, listlessness or 
inactivity, degeneration of the cells of the bone marrow, lymph nodes, 
and intestines, diarrhea, hemorrhagia, and death. Other animals, how
ever, e.g., cows, chicks, and lambs, are also affected. 

Corn infected with Fusarium sp. often induces vomiting in swine, or 
swine refuse to eat it. Although low concentrations of T-2 toxin will 
induce vomiting in swine, it is likely that other mycotoxins, still un
known, are also involved in inducing vomiting and refusal of corn in 
swine. 

Stachybotrys toxins. Stachybotryotoxin and several derivatives 
produced by species of Stachybotrys on straw, hay, other fodder, and in 
animal feeds, bedding, commercial feed, and wheat intended for human 
consumption, cause a typical chronic form, and a less common acute 
form of a disease in horses, sheep, swine, poultry, and dogs, and also in 
man. The symptoms appear as a profuse hemorrhage and necrosis in a 
variety of body organs such as the stomach, intestines, liver, kidney, and 
heart. Fumes from burning molded hay may also affect animals and man, 
and handling of such hay by farm workers causes in them a toxic der
matitis, conjunctivitis, etc. 

Other Aspergillus toxins and Penicillium toxins. In addition to 
aflatoxins, species of Aspergillus also produce other toxins in infected 
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grains, etc. The same or similar toxins are also produced in grains infected 
by species of Penicillium. The most important such toxins are 

Ochratoxins, which cause degeneration and necrosis of the liver and 
kidney, along with several other symptoms, in domestic animals. Some 
ochratoxins can persist in the meat of animals fed contaminated feed and 
can be transmitted to the human food chain possibly posing a public 
health problem. 

Yellowed-rice toxins, primarily citreoviridin, citrinin, luteoskyrin, 
and cyclochlorotine. They are all produced by species of Penicillium 
growing in stored rice, barley, corn, and dried fish, and cause toxicoses 
associated with various diseases, such as cardiac beri-beri, nervous and 
circulatory disorders, degeneration of the kidneys and liver, and others. 

Tremorgenic toxins, causing marked body tremors and excessive dis
charge of urine, followed by convulsive seizures that often end in death. 
They are produced by species of both Aspergillus and Penicillium infect
ing foodstuffs in storage and also in refrigerated foods, grains and cereal 
products. Sheep, horses, and cows seem to be the domestic animals most 
commonly affected by tremorgenic toxins. 

Penicillic acid, which is a carcinogen. It is produced by both Penicil
lium and Aspergillus species in molded cereal grains, mixed feeds, and 
occasionally in other products, e.g., visibly molded tobacco. Not very 
common in nature and its importance is largely unknown. 

Patulin is also a carcinogenic substance produced by Penicillium and 
Aspergillus. Patulin is toxic to bacteria, some fungi, to higher plants and 
animals. It is commonly found to occur naturally in foodstuffs such as 
fruit or juices made with fruit partly infected with Penicillium, in spon
taneously molded bread and bakery products and in most commercial 
apple products. Thus, patulin may constitute a serious health hazard for 
humans as well as for animals. 

• Control of Grain Decays 

The control of postharvest deterioration and spoilage by fungi of grains, 
legumes, fodder, commercial feeds, etc., depends on certain precautions 
and conditions which must be met before and during harvest and then 
during storage. Provided that the crop was healthy and of high quality 
when harvested, its subsequent infection and spoilage in storage will be 
avoided if: (1) The amount of moisture content is kept at levels below the 
minimum required for the growth of the common storage fungi. Some 
hardy Aspergillus species will grow and cause spoilage of starchy cereal 
seeds with a moisture content as low as 13.0 to 13.2 percent, and of 
soybeans with a moisture content of about 11.5 to 11.8 percent. Others 
require a minimum moisture of 14 percent or more to cause spoilage. (2) 
The temperature of stored grain is kept as low as possible since most 
storage fungi grow most rapidly at temperatures between 30 and 55°C, 
they grow very slowly at 12 to 15°C and their growth almost ceases at 5 
to 8°C. Low temperature also slows down respiration of grain and pre
vents increase of moisture in grain. (3) Infestation of stored products by 
insects and mites is kept to a minimum through the use of fumigants. 
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This helps keep the storage fungi from getting started and growing 
rapidly. (4) The stored grain should not be unripe or too old, should be 
clean, have good germinability and be free of mechanical damage, broken 
seeds, etc. Such grain resists infection by storage fungi that could invade 
otherwise weakened or cracked grain. 

In addition to starting with good sound crops free of insects or fumigat
ing to eliminate the insects, the simplest and most common solution to 
maintaining the grain free of storage fungi is through the use of aeration 
systems in which air is moved through the grain at relatively low rates of 
flow. The airflow removes excess moisture and heat. It can be regulated 
so that it brings the moisture content of the grain mass to the desired 
level and reduces the temperature to 8 to 10°C at which insects and 
mites are dormant and storage fungi are almost dormant. 
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DISEASES CAUSED 
BY BASIDIOMYCETES 

B a s i d i o m y c e t e s are fungi t h a t produce their sexual spores, called basidio-
spores, on a c lub-shaped or tubular s t r u c t u r e called a bas idium (Figs. 118 
and 119) . M o s t fleshy fungi, including t h e c o m m o n m u s h r o o m s , t h e 
puffballs, and t h e shelf fungi or c o n k s , are B a s i d i o m y c e t e s . T h e i r basidia 
are one-celled, c lub-shaped s t r u c t u r e s t h a t bear four ex ternal basidio-
spores on short s ta lks called s te r igmata . T h e s e B a s i d i o m y c e t e s belong to 
t h e subclass H o m o b a s i d i o m y c e t e s w h i c h includes a l m o s t all t h e w o o d 
decaying fungi and a few root-rotting fungi (Figs. 119 and 120). In the other 
subclass , called H e t e r o b a s i d i o m y c e t e s , t h e bas idium has c ross wal ls t h a t 
divide it i n t o four cells e a c h of w h i c h produces a basidiospore. S u c h a 
bas idium is often called a p r o m y c e l i u m . T h e H e t e r o b a s i d i o m y c e t e s in
c lude t w o very c o m m o n and very des t ruc t ive groups of plant pathogens , 
t h e rusts , and t h e s m u t s (Figs. 118 and 120) . 

T H E R U S T S 

T h e plant rusts , caused by B a s i d i o m y c e t e s of t h e order Uredinales , are 
a m o n g the m o s t des t ruc t ive plant diseases. T h e y h a v e caused f a m i n e s 
and ruined e c o n o m i e s of large areas and ent i re c o u n t r i e s . T h e y h a v e been 
m o s t n o t o r i o u s for their des t ruc t iveness o n grain crops, especially wheat , 
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FIGURE 118. 
Basidiomycetes: Some common smut and rust fungi, a—aecium, as—aeciospore, 
b—basidium, bs—basidiospore, h—hypha, t—telium, tr—teliosorus, 
ts—teliospore, u—uredium, us—uredospore. 

oats, barley, etc., but they also attack vegetables such as bean and as
paragus, field crops such as cotton and soybeans, ornamentals such as 
carnation and snapdragon, and have caused tremendous losses on trees 
such as pine, apple, coffee, and others. 

The rust fungi attack mostly leaves and stems and occasionally floral 
parts and fruits. Rust infections usually appear as numerous rusty, 
orange, yellow or even white-colored spots that result in rupturing of the 
epidermis, in formation of swellings, and even galls. Most rust infections 
are strictly local spots but some may spread internally to a more or less 
limited extent. The most important rust fungi and the diseases they cause 
are the following (Figs. 118 and 120). 

Puccinia: causing stem rust of wheat and all other small grains [P. graminis); 
yellow or stripe rust of wheat, barley and rye (P. striiformis); leaf or brown 
rust of wheat and rye [P. recondita) (Fig. 121); leaf or brown dwarf rust of 
barley (P. hordei)} crown rust of oats (P. coronata)-, corn rust (P. sorghi), 
southern or tropical corn rust (P. polysora); sorghum rust (P. purpurea); and 
sugarcane rusts (P. sacchari and P. kuehnii). 
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FIGURE 119. 
Basidiomycetes: Some of the conk- and mushroom-forming plant pathogens, 
b—basidium, be—basidiocarp, bs—basidiospore, cs—cross section, g—gill, 
hg—hymenial gills, hp—hymenial pores, m—mycelium. 

Puccinia also causes severe rust diseases on field crops such as cotton (P. 
stakmanii); vegetables such as asparagus (P. asparagi); and flowers such as 
chrysanthemum [P. chrysanthemi), hollyhock (P. malv ace arum), and snap
dragon [P. antirrhini). 

Gynmosporangium, causing the cedar-apple rust {G. juniperi-virginianae), and 
hawthorn-cedar rust [G. globosum). 

Hemileia, causing coffee leaf rust [H. vastatrix). 
Phragmidium, causing rust on roses and yellow rust on raspberry. 
Uromyces, several species causing the rusts of legumes (bean, broad bean and 

pea) and one causing rust of carnation (U. caryophyllinus). 
Cronartium: causing rusts of pines, oaks, and other hosts, such as the white 

pine blister rust [C. ribicola); fusiform rust of pines and oaks (C. fusiforme); 
eastern gall or pine-oak rust [C. quercuum)} pine-sweet fern blister rust (C. 
comptoniae); pine-Comandra rust (C. comandrae); and southern cone rust 
(C. strobilinum). 

Melampsora, causing rust of flax [M. lini). 
Coleosporium, causing blister rust of pine needles (C. solidaginis). 
Gymnoconia, causing orange rust of blackberry and raspberry. 

374 
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FIGURE 120. 
Common symptoms caused by Basidiomycetes. 

Phakopsora, causing soybean rust [P.pahyrhizi). 
Tranzschelia, causing rust of peach. 

Most rust fungi are very specialized parasites and attack only certain 
host genera or only certain varieties. Rust fungi that are morphologically 
identical but attack different host genera are regarded as special forms 
[formae specialis), e.g., Puccinia graminis f.s. tritici. Within each special 
form of a rust there are many so-called pathogenic (physiologic) races that 
can attack only certain varieties within the species and can be detected 
and identified only by the set of differential varieties they can infect. 
Where sexual reproduction of the rust fungus is rare, the races are more 
stable and produce large populations over fairly long periods of time, but 
even so some of these fungi have as many races as those in which sexual 
reproduction is common. 

The rust fungi are obligate parasites, although some of them have now 
been grown on special culture media in the laboratory. Most rust fungi 
produce five distinct fruiting structures with five different spore forms 
which appear in a definite sequence. Some of the spore stages parasitize 
one host while the others must infect and parasitize a different alternate 
host. All rust fungi produce teliospores and basidiospores. Rust fungi that 
produce only teliospores and basidiospores are called microcyclic or 
short-cycled rusts. Other rust fungi produce, in addition to teliospores 
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FIGURE 121. 
Uredia of the leaf or brown rust on wheat leaves caused by Puccinia recondita. 

and basidiospores, spermatia (formerly known as pycniospores), aecio-
pores, and uredospores, in that order, and are called macrocyclic or long-
cycled rusts. In some macrocyclic rusts, spermatia and/or uredospores 
may be absent. Although basidiospores are produced on basidia, the other 
spore forms are produced in specialized fruiting structures called, respec
tively, spermagonia, aecia, uredia, and telia (Fig. 118). 

Basidiospores, aeciospores, and uredospores can attack and infect host 
plants. The teliospores serve only as the sexual, overwintering stage 
which, upon germination, produce the basidium (promycelium). The 
basidium, following meiosis, produces four haploid basidiospores. The 
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basidiospores, upon infection, produce haploid mycelium that forms 
spermagonia (formerly known as pycnia) containing haploid spermatia 
and receptive hyphae. Spermatia are unable to infect plants,- their func
tion is the fertilization of receptive hyphae of the compatible mating type 
and the subsequent production of dikaryotic mycelium and dikaryotic 
spores. This mycelium forms aecia that produce aeciospores which, upon 
infection, produce more dikaryotic mycelium that this time forms uredia. 
The latter produce uredospores which also infect and produce more 
uredia and uredospores and, near host maturity, telia and teliospores. The 
cycle is thus completed. 

Some macrocyclic rusts, e.g., asparagus rust, complete their life cycles 
on a single host and are called autoecious. Others, e.g., stem rust of 
cereals, require two different or alternate hosts for completion of their 
full life cycle and are called heteroecious. 

The rust fungi spread from plant to plant mostly by wind-blown 
spores, although insects, rain, animals, etc. may play a role. Some of their 
spores are transported over long distances (several hundred miles) by 
strong winds and, upon landing (being scrubbed from the air by rain), 
can start new infections. 

Control of rust diseases in some crops, e.g., grains, is achieved by 
means of resistant varieties. In some vegetable, ornamental and fruit tree 
rusts, e.g., cedar-apple rust, the disease is controlled with chemical 
sprays. In others, e.g., white pine blister rust, control has been attempted 
through removal of the alternate host and avoidance of high rust-hazard 
zones. With the discovery of several new systemic fungicides effective 
against rusts, a new impetus has been given toward controlling rust 
diseases of annual plants as well as trees with these chemicals applied 
either as sprays, seed dressings, soil drenches, or by injection. 

C E R E A L R U S T S 

Various species or special forms of Puccinia attack all cultivated and wild 
grasses, including all small grains, corn, and sugarcane. They are among 
the most serious diseases of cultivated plants resulting in losses equiva
lent to about 10 percent of the world grain crop per year. Rusts may de
bilitate and kill young plants, but more often they reduce foliage, root 
growth, and yield by reducing the rate of photosynthesis, increasing the 
rate of respiration, decreasing translocation of photosynthates from 
infected tissue, and, instead, diverting materials into the infected tissue. 
The quantity of grain produced by rusted plants may be reduced greatly 
and the grain produced may be of extremely poor quality since it may be 
devoid of starch and may consist mostly of cellulosic materials that are of 
low or no nutritional value to humans. Some of the most important 
cereal rusts are as follows. 

• Stem Rust of Wheat and Other Cereals 

Stem rust of wheat is worldwide in distribution and affects wheat wher
ever it is grown. Similar rusts affect the other cultivated cereals and 
probably most wild grass genera and species. 

The stem rust fungus attacks all the aboveground parts of the wheat 
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plant and causes losses by reducing foliage and root development, and 
yield and quality of grain. Infected plants usually produce fewer tillers, 
set fewer seeds per head, and the kernels are smaller in size, generally 
shriveled, and of poor milling quality and food value. Under extreme 
situations, heavily infected plants may die. Heavy seedling infection of 
winter wheat may weaken the plants and make them susceptible to 
winter injury and to attack by other pathogens. The amount of losses 
caused by stem rust may vary from slight to complete destruction of 
wheat fields over large areas, sometimes encompassing several states. 
Thousands of tons of wheat are lost to stem rust in the U.S. annually, and 
during years of severe stem rust epidemics the losses are in the millions 
of tons. 

Symptoms. The pathogen causing stem rust of wheat attacks and 
produces symptoms on two distinctly different kinds of host plants. The 
most serious, and economically important, symptoms are produced on 
wheat and certain related cereals (e.g., barley, oats, rye) and other grasses. 
Symptoms, however, although economically unimportant, are also pro
duced on plants of common barberry (Berberis vulgaris) and certain other 
wild native species of barberry and mahonia. 

The symptoms on wheat appear first as long, narrow, elliptical blisters 
or pustules parallel with the long axis of the stem, leaf, or leaf sheath (Figs. 
122A, Β and 123A). In later stages of growth, blisters may appear on the 
neck and glumes of the wheat spike. Within a few days, the epidermis 

FIGURE 122. 
Stem rust of wheat caused by Puccinia graminis tritici. (A) Rust symptoms 
on wheat stems showing telia. (B) Close-up of infected wheat stem. (C) Barberry 
leaves with clusters of aecial cups of the stem rust fungus. (Photos courtesy 
U.S.D.A.) 
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FIGURE 123. 
(A) Cross section of wheat stem showing uredia or telia some of which have 
ruptured the epidermis. (B) Comparison of kernels from healthy (left) and stem 
rust-infected wheat plant. (Photos courtesy U.S.D.A.) 

covering the pustules is ruptured irregularly and pushed back revealing a 
powdery mass of brick red-colored spores, called uredospores. The pus
tules, called uredia, vary in size from very small to about 3 mm wide by 
10 mm long. Later in the season, as the plant approaches maturity, the 
rusty color of the pustules turns black as the fungus produces teliospores 
instead of uredospores and uredia are transformed into black telia. Some
times telia may develop independently of uredia. Although uredia and 
telia are rather small, either fruiting structure may exist on wheat plants 
in such great numbers that large parts of the plant appear to be covered 
with the ruptured areas that are filled with either the rust-red uredospores 
or the black teliospores or both. 

On barberry, the symptoms appear as yellowish to orange-colored 
spots on the leaves and sometimes on young twigs and fruits. Within the 
spots, and in leaves generally on the upper side, appear a few minute 
dark-colored bodies called spermagonia (or pycnia), usually bearing a 
small droplet of liquid or nectar. On the lower side of the leaf, beneath the 
spermagonia, and occasionally on the upper surface, or next to the sper
magonia on twigs, fruit, petioles, etc., groups of orange-yellow horn- or 
cuplike projections, called aecia, appear (Fig. 122C). The host tissue bear
ing the aecia is frequently hypertrophied. The aecial wall, called a 
peridium, usually protrudes at the margin of the cups and its light, 
whitish color is contrasted with the orange-colored aeciospores contained 
in the aecia. 

The pathogen: Puccinia graminis. It is a macrocyclic, heteroecious 
rust fungus producing spermagonia and aecia on barberry and mahonia, 
and uredia and telia on wheat and other cereals and grasses. 

Development of disease. In cooler, northern regions the fungus 
overwinters as teliospores on infested wheat debris. Teliospores germi
nate in the spring only after dormancy is broken by alternate freezing and 
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thawing, occurring naturally in northern areas during the winter and 
spring. The basidiospores produced by each teliospore are forcefully 
ejected into the air but, being hyaline and very light sensitive, are carried 
by air currents for rather short distances, probably no more than a few 
hundred meters. If barberry plants are growing nearby and the basidio
spores land on young barberry leaves, petioles, blossoms, or fruit, the 
basidiospores germinate and penetrate the epidermal cells directly,- after 
that, the mycelium grows mostly intercellularly with haustoria entering 
the cells. Within 3 or 4 days the hyphal branches converge toward a point 
just below the epidermis, where they form a mat of mycelium that 
develops into a spermagonium (Fig. 124). The outward pressure of the 
spermagonium ruptures the epidermis, and the ostiole (opening) of the 
spermagonium emerges on the surface of the plant tissue. Receptive 
hyphae originating in the spermagonium extend beyond the ostiole, and 
spermatia embedded in a sticky liquid are exuded through the opening. 
Insects visiting the infected barberry leaves become smeared with sper
matia and carry them to other, possibly sexually compatible sper-
magonia. Spermatia may also be carried to compatible spermagonia by 
rainwater or dew running off the plant surface. When a spermatium 
comes in contact with a receptive hypha of a compatible spermagonium, 
fertilization takes place. The nucleus of the spermatium passes into the 
receptive hypha, but it does not fuse with the nucleus already present in 
the latter. Instead, it migrates passively through the monokaryotic 
mycelium to the aecial mother cells. There the dikaryotic condition is 
reestablished and aeciospores formed subsequently will be dikaryotic. 
This mycelium then grows intercellularly toward the periphery of the 
spermagonia, present on petioles, fruit, etc., or usually toward the lower 
side of the leaf bearing the spermagonium, where it forms thick mycelial 
mats that develop into aecia. In the meantime, the host cells surrounding 
the mycelium are stimulated to enlarge, and along with the increased 
volume of the fungus, result in a swelling of the infected area on the 
lower surface of the leaf. 

The aecia form in groups and protrude considerably beyond the hyper-
trophied leaf or other tissue surface of the barberry plant. The aeciospores 
are produced in chains on short hyphae inside the aecium, and each spore 
contains two separate nuclei of opposite mating type. Aeciospores are 
released in the late spring and are carried by wind to nearby wheat plants 
on which they germinate. The germ tube penetrates wheat stems, leaves 
or sheaths through stomata and after the mycelium grows intercellularly 
for a while, it then grows more profusely toward, but below the surface of, 
the wheat tissue and forms a mat of mycelium just below the epidermis. 
Many short hyphae arise from the mycelium, and at the tip of each forms 
one uredospore. The growth of the sporophores and of the uredospores 
exert pressure on the epidermis which is pushed outward and forms a 
pustule manifesting the presence of the uredium. Finally the epidermis is 
broken irregularly and flaps back revealing several hundred thousand 
rust-colored uredospores which are easily detached from the sporophores 
and give a powdery appearance to the uredium. 



381 FIGURE 124. 
Disease cycle of stem rust of wheat caused by Puccinia graminis tritici. 
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The uredospores are easily blown away by air currents. Stronger winds 
may carry them many miles, even hundreds of miles, from the point of 
their origin. The uredospores can reinfect wheat plants. When they land 
on wheat plants, in the presence of dew, a film of water or relative 
humidities near the saturation point, they germinate and enter the plant 
through stomata. The mycelium grows intercellularly again, sends haus
toria into the plant cells, and within 8 to 10 days from inoculation it 
produces a new uredium and more uredospores. Many successive infec
tions of wheat plants by uredospores may take place within one growing 
season up to the time the plant reaches maturity. Most of the damage 
caused to wheat growth and yield results from such uredospore infections 
which may literally cover the stem, leaf, leaf sheaths, glumes, etc. with 
uredia. 

The presence of numerous uredia on wheat plants results in an in
creased water loss by the plant because of increases in transpiration of 
water by infected plants and in evaporation of water through the ruptured 
epidermis. In addition to reduced amounts of water being available to the 
diseased plant, the fungus itself removes much of the nutrients, and 
water, that would normally be used by the plant. The respiration of 
infected plants increases rapidly during the development of the uredia, 
but a few days after sporulation of the fungus respiration drops to slightly 
below normal. Photosynthesis of diseased plants is reduced considerably 
due to destruction of much of the photosynthetic area by the fungus and 
to interference of the fungal secretions with the photosynthetic activity 
of the remaining green areas on the plant. The fungus also seems to 
interfere with normal root development and uptake of nutrients by the 
roots. All these effects reduce the amount of nutrients available for the 
production of the normal number and size of seeds on the plant, which 
are further accentuated by fungus-induced earlier maturity of the plant, 
resulting in decreased time available for the seed to fill. The total amount 
of damage depends considerably on the stage of development of the wheat 
plant at the time rust infection becomes heavy. Thus, heavy rust infec
tions before or at the flower stage are extremely damaging and may cause 
total yield loss (Fig. 123B), whereas if heavy infections do not occur until 
late dough stage, the damage to yield is much smaller. 

When the wheat plant approaches maturity, or when the plant fails 
because of overwhelming infection, the uredia produce teliospores in
stead of uredospores, or new telia may develop from recent uredospore 
infections. Teliospores do not germinate immediately and do not infect 
wheat, but are the overwintering stage of the fungus. Teliospores also 
serve as the stage in which fusion of the two nuclei and meiosis take 
place and result in the production of new combinations of genetic charac
ters of the fungus through genetic recombination. Several hundred races 
of the stem rust fungus are known to date and new ones appear every 
year. 

In southern regions the fungus usually overwinters as mycelium on 
fall-sown wheat which becomes infected by uredospores produced on the 
previous year's crop. Heavy rust infections in these regions in early spring 
are important, not only locally, but also for the wheat crop of northern 
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regions, since uredospores produced in the South are carried northward by 
the warm southern winds of spring and summer and initiate infections of 
wheat in successively northern regions. 

Control. The most effective, and the only practical, means of control 
of wheat stem rust is through the use of wheat varieties resistant to 
infection by the pathogen. A tremendous amount of work has been, and is 
being done for the development of wheat varieties resistant to existing 
races of the fungus. The best varieties of wheat which combine rust 
resistance and desirable agronomic characteristics are recommended an
nually by the state agricultural experiment stations in the U.S. and 
change periodically in order to meet the existing rust races. Much effort is 
now directed toward development of varieties with general or nonspecific 
resistance and toward development of multiline cultivars. 

Eradication of barberry, the alternate host of the stem rust fungus, was 
carried out until recently in most wheat-growing areas of the U.S.; this has 
reduced losses from stem rust by eliminating the early season infections 
on wheat in the areas where uredospores cannot overwinter, and by 
reducing the opportunity for the development of new races of the stem 
rust fungus through genetic recombination on barberry, thus providing 
for greater stability in the race population of the pathogen and contribut
ing to the success of breeding of resistant varieties. 

Several fungicides, such as sulfur, dichlone, zineb, and mixtures of 
zinc ion with maneb, can effectively control the stem rust of wheat. 
In most cases, however, 4 to 10 applications per season are required for 
complete control of the rust, and because of the low income return per 
acre of wheat, such a control program is not economically practical. Two 
applications of zinc ion-maneb mixtures coordinated with forecasts of 
weather conditions favoring rust epidemics, may reduce damage from 
stem rust by as much as 75 percent. These chemicals have both protec
tive and eradicative properties and therefore even two sprays, one at trace 
to 5 percent rust prevalence, and the second 10 to 14 days later, can give 
economically rewarding control of rust. 

Certain systemic fungicides, e.g., oxycarboxin, have also been reported 
to give experimental control of the stem rust for up to six weeks when 
applied as seed treatment, or to the soil as granules just before sowing and 
again in midseason as a spray. 

Damage by the stem rust fungus is usually lower in fields in which 
heavy fertilization with nitrate forms of nitrogen and dense seeding have 
been avoided. 

• Puccinia Rusts of 
Vegetables, Field Crops, and Ornamentals 

The most common Puccinia rusts on plants other than cereals are those 
on asparagus, peanuts, cotton, chrysanthemum, hollyhock, and snapdrag
on. The asparagus rust, Puccinia asparagi, produces spermagonia, aecia, 
uredia and telia on asparagus. In the peanut rust [P. arachidis), chrysan
themum rust [P. chrysanthemi), and snapdragon rust (P. antirrhini) (Fig. 
125B), spermagonia and aecia are unknown and only uredia and occasion-
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FIGURE 125. 
(A) Scanning electron micrograph of uredospores of Puccinia sorghi next to a 
stoma. (Bj Snapdragon rust caused by P. antirrhini. (Photo A courtesy M. F. 
Brown and H. G. Brotzman.) 

ally telia are produced on the respective hosts. In hollyhock rust [P. 
malvacearum), only telia are produced. In cotton rust [P. stackmanii), the 
disease is caused by the aecial stage, while uredia and telia develop on 
desert grasses of the genus Bouteloua which are common through the 
southwestern cotton-growing areas of the U.S. and in Mexico. 

In most of the above rusts the symptoms appear as rust-colored uredial 
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spots on leaves and green stems that later in the season may be replaced 
or supplemented by black telia. In cotton, the symptoms appear as circu
lar, slightly elevated, orange-yellow aecia mostly on the under surface of 
the leaves. Depending on the severity of the infection, plants become 
weakened, stunted, and may even be killed. 

Control of these rusts, in addition to the use of resistant varieties, 
depends primarily on sprays or dusts with fungicides such as polyram, 
maneb, zineb, or sulfur. Removal and burning of all infected plant material 
helps reduce or eliminate the inoculum in the area and reduces sub
sequent development of disease. 

• Cedar-Apple Rust 

It is present in North America and in Europe. It causes yellow-to-
orange-colored leaf spots and occasionally fruit spots and premature de
foliation on apple (Fig. 126, A, B) ; and galls, often called cedar apples, that 
produce jellylike horns on cedar (Fig. 126, C, D). It can cause considerable 
damage to both hosts when they are located near each other. Similar 
diseases affect hawthorn and quince. 

The fungus, Gymnosporangium juniperi-virginianae, overwinters as 
dikaryotic mycelium in the galls on cedar trees. Cedar needles or axillary 
buds are infected in the summer by wind-borne aeciospores from apple 
leaves (Fig. 127). The fungus grows little in the cedar needles during fall 
and winter, but the following spring or early summer, galls begin to 
appear as small greenish-brown swellings on the upper surface of the 
needle. The fungus is present in the galls as mycelium growing between 
the cells of cedar. The galls enlarge rapidly and, by fall, they may be 3 to 5 
cm in diameter, turn chocolate brown and their surface is covered with 
small circular depressions. The cedar-apple rust fungus does not produce 
uredia or uredospores. The following spring, however, the small depres
sions on the galls absorb water during warm, wet weather, swell and 
produce orange-brown, jellylike "horns" that are 10 to 20 mm long and 
very conspicuous (Fig. 126, C, D). The jellylike horns are columns of 
teliospores that germinate in place for several weeks and produce 
basidiospores that can infect apple leaves. The galls eventually die but 
may remain attached to the tree for a year or more. 

Basidiospores are wind borne and may be carried for up to 2 to 3 miles. 
Their germ tubes penetrate young apple leaves or fruit directly, and 
produce haploid mycelium that spreads through or between the apple 
cells. The mycelium forms orange-colored spermagonia on the upper leaf 
surface and, presumably following fertilization of receptive hyphae by 
compatible spermatia, dikaryotic mycelium ensues which produces 
aecial cups in concentric rings on the lower side of leaves and on fruit. 
The area of the leaf where spermagonia and aecia are produced is swollen, 
especially on the lower side where the clusters of orange-yellow aecial 
cups and their white peridia (cup walls) stand out conspicuously (Fig. 
126A). In the fruit, spermagonia and aecia are formed in the same areas; 
the spermagonia appear first in the center of the spot and the aecia 
subsequently in the surrounding area. Infected fruit areas are usually 
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FIGURE 126. 
Cedar-apple rust caused by Gymnosporangium juniperi-virginianae. (A) 
Clusters of aecial cups on apple leaves. (B) Infected apple fruit with numerous 
aecial cups and a few spermagonia in center of spot. (C) Gall on cedar (cedar apple) 
in early spring when telial horns are just coming out. (D) Mature telial horns 
releasing basidiospores. (Photos A - C courtesy U.S.D.A.) 
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FIGURE 127. 
Disease cycle of cedar-apple rust caused by Gymno-
sporangium juniperi-virginianae. 
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large and flat or depressed rather than swollen (Fig. 126B). The aecio-
spores are produced in long chains. They are released in the air during dry 
weather in late summer and are carried by wind to cedar leaves where 
they germinate and start new infections. 

Control of cedar-apple rust can be effected by keeping apple and cedar 
trees sufficiently removed from each other so that the fungus cannot 
complete its life cycle. This, however, is often impossible or impractical 
and therefore the disease is generally controlled on both hosts with 
chemical sprays with ferbam, thiram or maneb. Postinfection control of 
cedar-apple rust has been obtained recently with triforine. Many apple 
varieties are also quite resistant to rust. 

• Coffee Rust 

Undoubtedly the most destructive disease of coffee, coffee rust damages 
trees and reduces yields by causing premature drop of infected leaves. 
Coffee rust has caused devastating losses in all coffee producing countries 
of Asia and Africa. It attacks all species of coffee but is most severe on 
Coffea arabica. In 1970 the disease appeared for the first time in the 
Western Hemisphere, in Brazil, and has been steadily spreading into the 
world's most important coffee producing countries of South America 
where all commercial coffees are susceptible to the rust. 

The symptoms appear as orange-yellow powdery spots on the lower 
side of the leaves. The spots are circular and small, about 5 mm in 
diameter, at first, but they often coalesce and form large patches that may 
be ten times as large. The centers of the spots eventually become dry, 
turn brownish, and the leaf falls off prematurely. Infected trees produce 
small yields of poor quality and repeated infections and defoliations 
result in the death of trees (Fig. 128). 

The fungus, Hemileia vastatrix, exists primarily as mycelium, uredia, 
and uredospores which in the tropics, where coffee and the fungus thrive, 
can perpetuate themselves in infected leaves they continuously and suc
cessively infect. The fungus occasionally produces teliospores which upon 
germination form basidiospores, but the latter do not infect coffee and no 
alternate host has so far been found. Thus, uredospores are believed to be 
responsible for all coffee infections. They are easily spread by wind, rain, 
and perhaps by insects. The spores require high humidity and probably 
dew for germination and infection. Under favorable conditions they can 
germinate and enter leaves through the stomata of the lower surface in 
less than 12 hours. The mycelium grows between the leaf cells and sends 
haustoria into the cells. Young leaves are generally more susceptible to 
infection than older ones and new uredia may appear on the lower side of 
the leaf within 10 to 25 days from infection, depending on the climatic 
conditions. Once uredia develop, premature falling of infected leaves may 
occur at any time; sometimes even one uredium is sufficient to cause the 
leaf to fall. New leaves are affected after the older ones have fallen. The 
premature shedding of leaves weakens the trees and results in reduced 
yields, severe dieback of twigs, and death of trees. 



FIGURE 128. 
Disease cycle of coffee rust caused by Hemileia vastatrix. 
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Control of coffee rust is difficult, but satisfactory results can be ob
tained with copper fungicides such as Bordeaux mixture and cuprous 
oxide, and with zineb. Fungicides must be applied before and during the 
rainy season at 2- to 3-week intervals or less, depending on weather 
conditions and the severity of the attack. Sufficient tree pruning, good 
site selection, and use of the newly found or developed resistant varieties 
of Arabica coffee in future plantings should help minimize losses from 
the rust. 

R U S T S O F F O R E S T T R E E S 

Several species of Cronartium are responsible for a number of rust 
diseases that cause major losses in forest trees. Some Cronartium species 
attack the main stem or branches of trees and these are the most destruc
tive; other species attack the needles or leaves and are less serious. All 
rusts, however, are especially destructive when they attack young trees in 
the nursery or in recently established plantations. The main economic 
host of the majority of forest tree rusts and the one to which they cause the 
most damage is pine. Some of these rusts have oak as their alternate host 
but the damage to oaks is much less severe. Other pine rusts have as their 
alternate hosts various wild or cultivated shrubs or weeds. 

• White Pine Blister Rust 

It is native to Asia from where it spread to Europe and about 1900, to 
North America. It is one of the most important forest diseases in North 
America where it causes an annual growth loss and mortality of more 
than 200 million cubic feet, and, if not controlled, it makes white pine 
growing impossible or unprofitable. White pine blister rust is caused by 
the fungus Cronartium ribicola which produces its spermagonia and 
aecia on white pine (the 5-needle pines) and its uredia and telia on wild 
and cultivated currant and gooseberry bushes [Ribes sp.). Blister rust kills 
pines of all ages and sizes. Small pines are killed quickly while larger 
pines may develop cankers that girdle and either kill the trees or retard 
their growth and weaken the stems which then break at the canker. 
Infection of Ribes bushes causes relatively little loss through premature, 
partial defoliation and reduced fruit production. 

The symptoms of blister rust on white pine stems or twigs appear first 
as small, discolored, spindle-shaped swellings (cankers) surrounded by a 
narrow band of yellow-orange bark. In the canker, small, irregular, dark 
brown, blisterlike spermagonia appear which rupture, ooze droplets full 
of spermatia, and then dry. As the canker grows, the margin and the zone 
of spermagonia expand and the portion formerly occupied by spermagonia 
is now the area where the aecia are produced. The aecia appear as white 
sacks or blisters containing orange-yellow aeciospores that push through 
the diseased bark. The aecial blisters soon rupture (Fig. 129A) and the 
orange-yellow aeciospores are carried by the wind, sometimes for several 
hundred miles, some of them landing on and infecting Ribes leaves. After 
the aeciospores have been released, the blisters persist on the bark for a 
long time although the bark of that area dies. Resin often flows down the 
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FIGURE 129. 
(A) White pine blister rust caused by Cronartium ribicola. (B) Scanning electron 
micrograph of part of telium of Cronartium fusiforme showing basidia and 
basidiospores. (C) Fusiform rust on pine seedlings. Masses of aeciospores can be 
seen on two of them. (Photo A courtesy U.S.D.A. Photo Β courtesy M. F. Brown 
and H. G. Brotzman.) 
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stem and hardens in masses characteristic of the disease. The fungus, 
however, continues to spread into the surrounding healthy bark and the 
sequence of spore production and bark killing continues in subsequent 
years until the stem or branch is girdled and killed. The dead branches, 
called "flags/7 have dead, brown needles and are visible from a distance. 

On currant and gooseberries, the symptoms appear on the undersides 
of the leaves as slightly raised, yellow-orange uredia grouped in circular or 
irregular spots. The uredia produce orange masses of uredospores that 
reinfect Ribes. Later, telia develop in the same or new lesions. The telia 
are slightly darker than the uredia and consist of brownish, hairlike 
structures up to 2 mm in height that bear the teliospores. 

The pathogen, Cronartium ribicola, overwinters mostly as mycelium 
in infected white pines and Ribes. Pines are infected only by basidio
spores produced by teliospores still in the telia on the undersides of Ribes 
leaves (Fig. 130). The basidiospores are produced only during wet, cool 
periods, especially during the night, and can be carried by wind and infect 
pines within a few hundred feet, and generally no more than a mile or so, 
from the Ribes host. The basidiospores infect pine needles through 
stomata in late summer or early fall. Small, discolored spots may appear 
on the needles 4 to 10 weeks after infection. The mycelium grows down 
the conducting tissues of the needle and into the bark of the stem, which 
it reaches about 12 to 18 months after infection. Spermagonia develop on 
infected stems or branches in the spring and early summer 2 to 4 years 
after the needle infection and aecia are produced in the spring, 3 to 6 years 
from inoculation. Spermatia are short lived and spread over short dis
tances by rain or insects, while aeciospores may live for many months, 
may overwinter and may be carried by wind over many miles to Ribes 
leaves. On the latter, the aeciospores germinate and infect the leaves 
which produce uredia and uredospores within 1 to 3 weeks after inocula
tion. Uredospores can reinfect Ribes plants again and again, producing 
many generations of uredospores in a single growing season. The uredo
spores can survive for many months and even through winter, and can be 
spread by wind for a mile or more, but they can infect only Ribes. Finally, 
the same mycelium that produced the uredospores begins to produce 
telial columns and teliospores. The latter germinate from July to October 
and produce short-lived basidiospores, which, if blown to nearby white 
pines, infect the needles and complete the life cycle of the fungus. 

Control of white pine blister rust can be obtained by eradication of 
wild and cultivated Ribes bushes mechanically or, better still, with her
bicides such as 2,4-D and 2,4,5-T. Pruning infected branches on young 
trees reduces stem infections and tree mortality. Treatment of cankers or 
entire trees with antibiotics such as cyclbheximide (Actidione) appeared 
promising for a time but is no longer considered effective. The use of the 
hyperparasite Tuberculina maxima, which parasitizes Cronartium 
ribicola on blister rust cankers, has also been considered as a control 
measure, but so far its practical value has not been demonstrated. The 
most promising control for blister rust seems to be the selection and 
breeding of resistant trees. Seed orchards with trees that have shown 
resistance to the disease have been established and are expected to pro
duce millions of resistant trees in the near future. 
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• Fusiform Rust 

It is one of the most important diseases on southern pines, especially 
loblolly and slash pines. The disease is present from Maryland to Florida 
and west to Texas and Arkansas, where it causes tremendous losses in 
nurseries, young plantations and seed orchards ranging from 20 to 60 
percent or even more mortality of young trees. Fusiform rust is caused by 
Cronartium fusiforme which produces spermagonia and aecia on pine 
stems and branches and uredia and telia on oak leaves. Damage on oak 
is slight, mostly through occasional partial defoliation. 

The symptoms on pine first appear as small, purple spots on needles 
and succulent shoots. These soon form small galls and later develop into 
spindleshaped swellings or galls (cankers) on branches and stems of mostly 
young pines. These galls may elongate from 5 to 15 cm per year and often 
encircle the stem or branch and cause it to die (Fig. 129C). Infection of 
young seedlings results in their death within a very few years, while 
infected young trees may branch excessively for a period and show a 
bushy growth. On older trees, stem or branch infections lead to weak, 
distorted boles or, as host tissue is killed, to sunken cankers that break 
easily during strong winds. Yellowish masses of spermatia and later 
orange-yellow aeciospores appear on the galls. On oak, the symptoms 
appear as orange pustules (uredia) and brown, hairlike columns (telia) on 
the underside of the leaves. 

The fusiform rust pathogen, Cronartium fusiforme, overwinters as 
mycelium in the fusiform galls. From February to April, spermagonia and 
spermatia form and soon aeciospores are produced on the galls. The wind 
carries the aeciospores to young, expanding oak leaves which they infect. 
On the oak leaves, orange uredial pustules develop in a few days and 
produce uredospores from February to May. Uredospores can reinfect 
more oak leaves and produce more uredospores. The same mycelium also 
produces brown telia from February to June in place of uredia or in new 
lesions. The teliospores germinate on the telia (Fig. 129B) and the 
basidiospores produced are carried by wind to pine needles and shoots 
which they infect directly. The mycelium grows first in the needles and 
later spreads into branches or the stem where it induces both hyperplasia 
and hypertrophy and the formation of the gall. 

Fusiform rust infections in the nursery can be prevented by frequent, 
twice-a-week sprays with ferbam, especially before and during cool wet 
weather. All infected seedlings should be discarded. In plantations and 
natural stands, only limited control can be obtained against fusiform rust 
by either avoiding planting highly susceptible slash and loblolly pines in 
areas of known high rust incidence or by pruning infected branches before 
the fungus reaches the trunk. As with white pine blister rust, and perhaps 
even more so, control of fusiform rust is obtained through selection and 
breeding of resistant trees, with emphasis on trees possessing general 
rather than specific resistance. 
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THE SMUTS 

The plant smuts caused by Basidiomycetes of the order Ustilaginales 
occur throughout the world and, until this century, were the causes of 
serious grain losses that were equal to, or second only to, the losses 
caused by the rusts. In some respects, the smuts of cereals were dreaded 
by farmers even more than the rusts because many smuts attack the grain 
kernels themselves and replace the kernel contents with the black, dusty 
spore masses that resemble soot or smut. Thus the reduction in yield is 
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conspicuous and direct and the quality of the remaining yield is drasti
cally reduced by the presence of the black smut spores on the surface of 
the healthy kernels. 

In addition to the various cereals, smuts also affect onions and some 
ornamentals such as carnation. 

Most smut fungi attack the ovaries of grains and grasses and develop in 
them or in the fruit, i.e., the kernels of grain crops, which they destroy 
completely (Fig. 120). Several smuts, however, attack the leaves, stems or 
floral parts. Some smuts infect seeds or seedlings before they emerge from 
the ground and they grow internally in the seedling until they reach the 
inflorescence; others cause only local infections on leaves, stems, etc. 
Cells in affected tissues are either destroyed and replaced by black smut 
spores, or they are first stimulated to divide and enlarge so as to produce a 
swelling or gall of varying size and are then destroyed and replaced by the 
black smut spores. The spores are present in masses called sori that may 
be held together only temporarily by a thin, flimsy membrane or by a 
more or less durable one. Smut fungi seldom kill their hosts but in some 
cases infected plants may be severely stunted. 

The smut fungi can be grown in culture on artificial media but in 
nature they exist only as parasites on their hosts. Most smut fungi 
produce only two kinds of spores: teliospores and basidiospores (Fig. 118). 
Their teliospores are usually formed from mycelial cells along the length 
of the mycelium within the smut galls and their basidiospores either bud 
off laterally from the basidium cells or are produced as a cluster at the tip 
of a nonseptate basidium. The basidiospores of the smuts are not borne on 
sterigmata. When basidiospores germinate, they either unite with com
patible ones while still on the basidium and then infect, or their germ 
tubes penetrate tissues directly. Their haploid mycelium, however, can
not invade tissues extensively and does not cause typical infections until 
two compatible mycelia unite to produce dikaryotic mycelium. The 
latter, then, invades tissues inter- or intracellularly, generally without 
haustoria, and produces the typical symptoms and the teliospores. The 
smut fungi also exist in many races which, however, are not as stable as 
in the rusts since each generation of smut fungi on the host plant involves 
meiosis, i.e., genetic recombination, and this results in new races appear
ing constantly. 

The most common smut fungi and the diseases they cause are the 
following: 

Ustilago, causing corn smut (U. maydis or U. zeae), loose smut of oats [U. 
avenae), of barley [U. nuda) and of wheat (U. tritici), and covered smut of 
barley [U. hordei), and of oats [U. kolleri). 

Tilletia, causing covered smut or bunt of wheat (T. caries and T. foetida) and 
dwarf bunt of wheat (T. contraversa). 

Sphacelotheca, causing the sorghum smuts such as covered kernel smut (5. 
sorghi), loose kernel smut (5. cruenta), and head smut (S. reiliana). 

Urocystis, causing onion smut [U. cepulae), and leaf or stalk smut of rye [U. 
occulta). 

Neovossia, causing kernel smut of rice {N. bar clay ana). 
Entyloma, causing leaf smut of rice [E. oryzae) and of some broad-leaved plants 

such as spinach [E. ellisii). 
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The smuts generally overwinter as teliospores either on contaminated 
seed, plant debris or in the soil. However, some smuts overwinter as 
mycelium inside infected kernels or as mycelium in infected plants. The 
teliospores cannot infect but they produce the basidiospores which upon 
germination either fuse with compatible ones and then infect, or pene
trate the tissue and then fuse to produce dikaryotic mycelium and the 
typical infection. The smut fungi have only one generation per year, each 
infection resulting in one crop of teliospores per growing season. 

Control of smuts is primarily by resistant varieties and seed treatment. 
The latter may be either by chemical dusting or dip, if the fungus is 
present as teliospores on the seed surface or in the soil, or by hot water if 
the fungus is present as mycelium inside the seed. The discovery of 
carboxin and other fungicides which are absorbed and translocated sys-
temically by seeds and seedlings allow chemical control by seed treat
ment of even those smuts present as mycelium inside the seeds. Soil 
treatments with these and other chemicals are also useful in the control 
of smut diseases. 

G E N E R A L S M U T S 

• Corn Smut 

Corn smut occurs wherever corn is grown. It is more prevalent, however, 
in warm and moderately dry areas, where it causes serious damage to 
susceptible varieties. 

Corn smut damages plants and reduces yields by forming galls on any 
of the aboveground parts of plants, including ears, tassels, stalks, and 
leaves. The number, size, and location of smut galls on the plant affect 
the amount of yield loss. Galls on the ear usually destroy it completely, 
while large galls above the ear cause much greater reduction in yield than 
do galls below the ear. Losses from corn smut are highly variable from one 
location to another and may range from a trace up to 10 percent or more 
in localized areas. Some individual fields of sweet corn may show losses 
approaching 100 percent from corn smut. Generally, however, over large 
areas and with the use of resistant varieties, losses in grain yields average 
about 2 percent. 

Symptoms. When young corn seedlings are infected, minute galls 
form on the leaves and stem, and the seedling may remain stunted or may 
be killed. Seedling infection, because of seedling death, is seldom ob
served in the field. 

On older plants, infections occur on the young, actively growing tis
sues of axillary buds, individual flowers of ear and tassel, leaves, and 
stalks (Fig. 131). 

Infected areas are permeated by the fungus mycelium which stimu
lates the host cells to divide and enlarge, thus forming overgrowths or 
galls. Galls are first covered with a greenish white membrane. Later as the 
galls mature, they reach a size from 1 to 15 cm in diameter, their interior 
darkens, and they turn into a mass of powdery, dark, olive-brown spores. 
The silvery gray membrane then ruptures and exposes the millions of the 
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FIGURE 131. 
Corn smut symptoms on young stem of corn plant (A), ear of corn (B) and on male 
inflorescence (C). (Photos A and Β courtesy Dept. Plant Path., Cornell Univ.) 

sooty teliospores, which are released into the air. Galls on leaves fre
quently remain very small (about 1 to 2 cm in diameter); they become 
hard and dry and do not rupture. 

The pathogen: Ustilago may dis. It produces dikaryotic mycelium the 
cells of which are transformed into black, spherical, or ellipsoidal telio
spores that have prominent spinelike protuberances. Teliospores germi
nate by producing a 4-celled basidium (promycelium), from each cell of 
which an ovate, hyaline, uninucleate basidiospore (sporidium) develops 
(Fig. 132). 

Development of disease. The fungus overwinters as teliospores in 
crop debris and in the soil, where it can remain viable for several years. In 
the spring and summer teliospores germinate and produce basidiospores 
which are carried by air currents or are splashed by water to young, 
developing tissues of corn plants. The basidiospores germinate on the 
host surface and produce a fine hypha which can enter epidermal cells by 
direct penetration. After an initial development, however, its growth 
stops and the hypha usually withers and sometimes dies, unless it con
tacts and fuses with a haploid hypha derived from a basidiospore of the 
compatible mating type. If fusion takes place, the resulting hypha enlarges 
in diameter and becomes dikaryotic. The dikaryotic hypha grows into the 
plant tissues mostly intercellularly (Fig. 132). 
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The cells surrounding the hypha are stimulated to hypertrophy and 
hyperplasia, and galls begin to form. Hyperplasia may appear in advance 
of the actual invasion of the tissues by the fungus, and galls may begin to 
form even before the fungus actually gets there. 

Galls in developed plants seem always to be the result of local infec
tions of plant tissues. Systemic infections seldom occur, and then only in 
very young seedlings. Frequently, however, only a small number of the 
actual local infections develop into typical, large galls, the others remain
ing too small to be visible. 

The mycelium in the gall remains intercellular during most of gall 
formation, but before sporulation, the enlarged corn cells are invaded by 
the mycelium, collapse, and die. The mycelium utilizes the cell contents 
for its further growth and the gall then consists primarily of dikaryotic 
mycelium and cell remnants. Most of the dikaryotic cells subsequently 
develop into teliospores, and in the process seem to absorb and utilize the 
protoplasm of the other mycelial cells which remain empty..Only the 
membrane covering the gall is not affected by the fungus, but finally the 
membrane breaks and the teliospores are released. Some of the released 
teliospores, if they land on young, meristematic corn tissues may cause 
new infections and new galls during the same season, but most of them 
fall to the ground or remain in the corn debris where they can survive for 
several years. 

Control. Corn smut may be controlled to a degree through the use of 
corn hybrids with some resistance to the fungus. No corn varieties or 
hybrids completely resistant to smut are known. The pathogen, however, 
shows extreme variability in its pathogenicity and new races appear 
constantly, making control through resistance difficult. Control through 
sanitation measures, such as removal of smut galls before they break 
open, and through crop rotation is possible only where corn is grown in 
small, rather isolated plots, but is impractical and impossible in large 
corn-growing areas. 

K E R N E L S M U T S O F S M A L L G R A I N S 

• Loose Smut of Cereals 

Loose smut of cereals is worldwide in distribution but is more abundant 
and serious in humid and subhumid regions. 

Loose smut causes damage by destroying the kernels of the infected 
plants and by smearing and thus reducing the quality of the grain of the 
noninfected plants upon harvest. Losses from loose smut may be up to 10 
or 40 percent in certain localities in a given year, but the overall losses in 
the U.S. are approximately 2 percent per year. 

Symptoms. Loose smut generally does not produce discernible symp
toms until the plant has headed. Smutted plants sometimes head earlier 
than healthy ones, and smutted heads are often elevated above those of 
the healthy plants. In an infected plant usually all the heads and all the 
spikelets and kernels of each head are smutted, although some of them 
may sometimes escape infection. In infected heads each spikelet is en-
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tirely transformed into a smut mass consisting of olive-green spores (Fig. 
133). This is at first covered by a delicate grayish membrane which soon 
bursts and sets the powdery spores free. The spores are then blown off by 
the wind and leave the rachis a naked stalk. 

The pathogens: Ustilago nuda, U. tritici. The mycelium is hya
line during its growth through the plant, but it changes to brown near 
maturity. The mycelial cells are transformed into brown, spherical, 
echinulate teliospores which germinate readily and produce a basidium 
consisting of one to four cells. The basidium produces no basidiospores, 
but its cells germinate and produce short, uninucleate hyphae that fuse in 
pairs and produce dikaryotic mycelium which is capable of infection (Fig. 
134). 

Development of disease. The pathogens overwinter as dormant 
mycelium in the cotyledon (sometimes called the scutellum) of infected 
kernels. When planted, infected kernels begin to germinate, the 
mycelium resumes its activity and grows intercellularly through the 
tissues of the embryo and the young seedling until it reaches the growing 
point of the plant (Fig. 134). The mycelium then follows closely the 
growth of the plant and grows best just behind the growing point, while 

FIGURE 133. 
Loose smut of barley as it appears in the field (A) and on a single head of barley 
(B). (Photos courtesy Dept. Plant Path., Cornell Univ.) 
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the hyphae in the tissues of the lower stem atrophy and frequently 
disappear. When the plant forms the head, and even before it emerges, the 
mycelium invades all the young spikelets, where it grows intracellularly 
and destroys most of the tissues of the spike, except the rachis. By this 
time, most of the infected plants are slightly taller than most healthy 
plants, probably due to stimulatory action of the pathogen. The 
mycelium in the infected kernels is soon transformed into teliospores 
which are contained only by a delicate outer membrane of host tissue. 
The membranes burst open soon after maturation of the teliospores and 
the spores are released and blown off by air currents to nearby healthy 
plants. The spore release coincides with the opening of the flowers of 
healthy plants. Teliospores landing on flowers germinate through forma
tion of a basidium on which the haploid hyphae are produced. After fusion 
of the sexually compatible haploid hyphae, the resulting dikaryotic 
mycelium penetrates the flower through the stigma or through the young 
ovary walls and becomes established in the pericarp, integuments, etc., 
and in the tissues of the embryo before the kernels become mature. The 
mycelium then becomes inactive and remains dormant, primarily in the 
scutellum, until the infected kernel germinates. 

Control. Control of loose smut is now obtained by treating infected 
seeds with carboxin and other derivatives of 1,4-oxanthiin before planting. 
These chemicals are absorbed and act systemically in the seed or in the 
growing plant. 

Although some barley and wheat varieties are quite resistant to loose 
smut, most of the commercial varieties are very susceptible to it. 

The best means of controlling loose smut is through the use of cer
tified smut-free seed. Until the discovery of the systemic fungicides, 
when seed was known to be infected with loose smut mycelium, the best 
way of disinfecting it was by treating it with hot water. Usually small lots 
of seed are treated with hot water and planted in isolated fields to produce 
smut-free seed to be used during the next season. The hot-water treat
ment consists of soaking the seed, contained in half-filled burlap bags, in 
20°C water for 5 hours, draining it for 1 minute, dipping it in 49°C water 
for about 1 minute, then in 52°C water for exactly 11 minutes, and 
immediately afterward in cold water for the seed to cool off. The seed is 
then allowed to dry so that it can be sown. Since some of the seed may be 
killed by the hot-water treatment, a higher seeding rate may be employed 
to offset the reduced germinability of the treated seed. 

• Covered Smut, or Bunt, of Wheat 

Covered smut, or bunt, of wheat, sometimes called stinking smut of 
wheat, is widely distributed in all the wheat-growing areas of the world. 
In the United States, the disease causes its greatest losses in the Pacific 
Northwest. 

Bunt affects plants by destroying the contents of infected kernels and 
replacing them with the spores of the fungus. Bunt also causes slight to 
severe stunting of infected plants, depending on the particular species of 
the bunt fungus involved. Infected plants are usually more susceptible 
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than healthy plants to certain other diseases and to winter injury. Bunt 
causes losses in grain yields proportional to the number of plants affected. 
When bunt is not controlled, it may cause devastating losses, but even 
with the effective control measures practiced in the U.S. today, the 
disease continues to cause severe losses. In addition, bunt and the other 
smuts cause market losses by reducing the quality, and the price, of 
wheat contaminated with smutted kernels or smut spores because of the 
discoloration and the foul odor they impart to the whole wheat crop. 
Bunt, moreover, results in explosions in combines and elevators during 
threshing or handling of smutted wheat because of the extreme combus
tibility of the oily smut spores in the presence of sparks from machinery. 

Symptoms. Plants infected with the common bunt fungi are usually 
a few to several centimeters shorter than healthy plants and may some
times be only half as tall. Plants infected with the dwarf bunt fungus may 
be only one-fourth as tall as healthy plants. Infected plants may appear 
slightly bluish green to grayish green in color, but this is not easily 
distinguishable. The root system of infected plants is usually poorly 
developed. 

Distinct bunt symptoms, however, appear when the heads of infected 
plants emerge. Their color is usually bluish green rather than the normal 
yellowish green, they are slimmer than healthy heads, and the glumes 
seem to spread apart and form a greater angle with the main axis of the 
head than they do in healthy plants (Fig. 135). Infected kernels are shorter 
and thicker than healthy ones and are grayish brown rather than the 
normal golden yellow or red. When these kernels are broken following 
their maturation, they are found to be full of a sooty, black, powdery mass 
of fungus spores which give off a distinctive odor resembling that of 
decaying fish. During harvest of infected fields, large clouds of spores may 
be released in the air. 

The pathogens: Tilletia caries, T. foetida, and T. contraversa. 
All three species are similar in their life histories and disease develop
ment, but the teliospores of T. foetida have smooth walls, while those 
of T. caries have highly reticulate walls. T. contraversa is the cause 
of dwarf bunt, and its spore walls have large, polygonal reticulations. 

The mycelium is hyaline and during sporulation most cells are trans
formed into almost spherical, brownish teliospores. The rest of the mycel
ial cells remain hyaline, thin walled, and sterile. Upon germination of a 
teliospore a basidium is produced, at the end of which 8 to 16 basidio
spores develop. The basidiospores are usually called primary sporidia. The 
primary sporidia fuse in pairs through production of lateral branches 
between compatible mating types and appear as Η-shaped structures 
(Figs. 135 and 136). The nucleus of each primary sporidium divides, and 
through exchange of one of the nuclei the two fused primary sporidia 
become dikaryotic. When the primary sporidia germinate, they produce 
short hyphae on which dikaryotic secondary sporidia are formed. Upon 
germination the secondary sporidia produce dikaryotic mycelium which 
can penetrate the plants and cause infection. After systemic development 
through the plant, the mycelium again forms teliospores. 
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FIGURE 135. 
(A) Covered smut or bunt of wheat caused by Tilletia sp. Left two heads show 
abnormal spread of the glumes due to the bunt balls. Healthy head at right. (B) 
Germinating teliospore of T. caries producing the basidium (promycelium). 
Primary sporidia are connected by fertilization tubes and form the H-shaped 
structures shown at right. (C) Covered smut (a) and loose smut (b) of barley, (c) 
Healthy barley head. (Photos A and C courtesy U.S.D.A. Photo Β courtesy M. F. 
Brown and H. G. Brotzman.) 

Development of disease. T h e pathogen o v e r w i n t e r s as tel iospores on 
c o n t a m i n a t e d w h e a t kernels and in t h e soil. T h e tel iospores of t h e c o m 
m o n bunt fungi are short- l ived in w e t areas, but those of t h e dwarf bunt 
fungus m a y r e m a i n viable in any soil for m a n y years . 

W h e n c o n t a m i n a t e d seed is s o w n or h e a l t h y seed is s o w n in bunt-
infested fields, approximately the s a m e conditions that favor germination 
of seeds favor g e r m i n a t i o n of tel iospores . A s t h e young seedling emerges 
f rom the kernel , t h e tel iospore on t h e kernel or near t h e seedling also 
g e r m i n a t e s through p r o d u c t i o n of t h e basidium, p r i m a r y sporidia, and 
secondary sporidia (Fig. 136) . T h e secondary sporidia t h e n g e r m i n a t e , and 
t h e dikaryot ic m y c e l i u m t h e y p r o d u c e p e n e t r a t e s t h e young seedling 
directly. After penet ra t ion t h e m y c e l i u m grows intercel lular ly and in
vades the developing leaves and t h e m e r i s t e m a t i c t i ssue at t h e growing 
point of t h e plant . T h e m y c e l i u m r e m a i n s d o r m a n t in t h e seedling during 
t h e winter , but w h e n t h e seedling begins to g r o w again in t h e spring, t h e 
m y c e l i u m r e s u m e s its g r o w t h and grows w i t h t h e growing point . W h e n 
t h e plant f o r m s t h e head of t h e grain, t h e m y c e l i u m invades all parts of it 
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even before the head emerges out of the "boot." As the head fills and 
becomes mature, the mycelial threads increase in numbers and soon take 
over and consume the contents of the kernel cells. The mycelium, how
ever, does not affect the tissues of the pericarp of the kernel which form a 
rather sturdy covering for the smutted mass they contain. At the same 
time most hypha cells are transformed into teliospores. 

Smutted kernels are usually kept intact while on the plant, but break 
and release their spores upon harvest or threshing. The liberated spores 
contaminate the healthy kernels and are also blown away by air currents, 
thus contaminating the soil. 

Control. Bunt can be controlled by using smut-free seed of a resistant 
variety treated with an appropriate fungicide. Contaminated seed should 
be cleaned to remove any unbroken kernels and as many of the smut 
spores on the seed as possible. The seed is then treated with the fungicide 
hexachlorobenzene (HCB) or carboxin, although other fungicides, includ
ing thiram, chloranil, thiabendazole, and benomyl, give good control of 
the disease. In dwarf bunt, and in common bunt in drier areas, the spores 
survive in the soil for long periods and can cause infection of seedlings. In 
such cases, seed treatment with the systemic fungicides carboxin or 
thiabendazole are the most effective. 

• Onion Smut 

It is caused by Urocystis cepulae. It is probably present throughout the 
world except the tropics and subtropics. This disease causes important 
losses in most onion producing areas. 

Onion smut appears as dark, elongated, slightly thickened areas be
neath the skin of the cotyledon or the leaves and sometimes beneath the 
scales of the young bulb (Fig. 120). The dark lesions may run almost the 
entire length of the leaf. Affected leaves may be thicker than healthy ones 
and tend to twist and bend downwards. The infection spreads from the 
older outer leaves to the younger inner ones. Most infected plants die 
within a few weeks after emergence but some may survive for a while 
longer and develop numerous raised black blisters near the base of the 
bulb leaves. Some plants may even produce full-sized bulbs which, how
ever, have lesions on the outer fleshy scales and are susceptible to 
secondary rots in storage. 

The dark swollen streaks on the leaves and scales are the sori of the 
fungus and these rupture to expose and release a black powdery mass of 
teliospores. The teliospores consist of one thick-walled, dark, fertile cell 
surrounded by several smaller, almost colorless, thin-walled, sterile cells. 
The teliospores survive in the soil for up to 20 years and, although they 
may occasionally be carried on the seed, most infections start from 
soilborne spores and infected or contaminated onion sets. The teliospores 
germinate by producing a short, hemisphaerical basidium from which 
several hyphae develop that later break up into basidiosporelike frag
ments. Infection of onion takes place only during the first 2 to 3 weeks 
after sowing, when hyphae enter the cotyledon or first young leaf at or 
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near the soil line and penetrate to the growing point. Plants not infected 
by the time the cotyledon has reached full size remain healthy. Individual 
leaves also are susceptible for a short period and, if not infected during 
that time, they become resistant and cannot be infected later. 

Control of onion smut is obtained by seed treatment with thiram, 
ferbam, captan, hexachlorobenzene, or folpet, each combined with an 
effective sticker. 
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ROOT AND STEM ROTS 
CAUSED BY BASIDIOMYCETES 

Several Basidiomycetes cause serious plant losses by attacking primarily 
the roots and lower stems of plants (Fig. 120). Some of these fungi, e.g., 
Thanatephorus (= Rhizoctonia), Pellicularia (= Sclerotium), attack 
primarily herbaceous plants, and Typhula attacks only grasses. On the 
other hand, some other fungi, e.g., Armillaria, some species of Forties, 
particularly F. annosus, and of Poria and Polyporus, attack only roots and 
lower stems of woody plants, primarily forest trees and certain fruit trees. 
Another fungus, Marasmius, includes species that affect turf grasses, 
others that cause root or crown rot of banana and sugarcane, and others 
that cause witches'-broom of cacao and wiry cord blights on the tops of 
tropical trees. 

R O O T A N D S T E M R O T D I S E A S E S C A U S E D B Y 

T H E " S T E R I L E F U N G l " R H I Z O C T O N I A A N D 

S C L E R O T I U M 

The fungi Rhizoctonia and Sclerotium are soil inhabitants and cause 
serious diseases on many hosts by affecting the roots, stems, tubers, 
corms and other plant parts that develop in or on the ground. These two 
fungi are known as sterile fungi because for many years they were 
thought to be incapable of producing spores of any kind, either sexual or 
asexual. It is known now that at least some species within these two 
genera produce spores, some of them sexual spores and some conidia. 
Thus, Rhizoctonia solani produces basidiospores which thus makes 
Rhizoctonia a basidiomycete and is called Thanatephorus cucumeris. On 
the other hand, the most common species of Sclerotium, S. rolfsii, also 
produces basidiospores and has as its perfect stage the basidiomycete 
Pellicularia rolfsii, while two other species, S. bataticola and S. 
cepivorum, have been reported to produce conidia belonging to the imper
fect fungi Macrophomina and Sphacellia, respectively. However, the 
spores of these fungi are either produced only under special conditions in 
the laboratory or are extremely rare in nature and therefore of little value 
in diagnosing the fungus. For these reasons, these fungi continue to be 
considered as sterile mycelia and since, for all practical purposes, they 
behave as such they continue to be referred to by their names as Rhizoc
tonia and Sclerotium. 

• Rhizoctonia Diseases 

They occur throughout the world and cause losses on most annual plants, 
including weeds, almost all vegetables and flowers, several field crops, 
and also on perennial plants such as turf grasses, perennial ornamentals, 
shrubs, and trees. The symptoms of Rhizoctonia diseases may vary 
somewhat on the different crops and even on the same host plant depend
ing on the stage of growth at which the plant becomes infected and the 
prevailing environmental conditions. The most common symptoms 
caused by Rhizoctonia, primarily R. solani, on most plants are damping 
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off of seedlings and root rot, stem rot or stem canker of growing and 
grown plants. On some hosts, however, Rhizoctonia also causes rotting of 
storage organs and foliage blights or spots, especially of foliage near the 
ground (Fig. 137). 

Damping off is probably the most common symptom caused by 
Rhizoctonia on most plants it affects. It occurs primarily in cold, wet 

FIGURE 137. 
(A) Cotton seedling stem canker ("soreshin") caused by Rhizoctonia. (B) "Wire 
s t e m " of young cabbage plants caused by Rhizoctonia. (C) Onion seedlings 
damped off by Rhizoctonia added to flat at right. (D) Potato showing sclerotia of 
Rhizoctonia. (E) Rhizoctonia head rot of cabbage. (F) Rhizoctonia soil rot of 
tomato fruit. (Photos A and Β courtesy G. C. Papavizas, Ε and F courtesy U.S.D.A.) 
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soils. Very young seedlings may be killed before or soon after they emerge 
from the soil (Fig. 137C). Before emergence, the fungus attacks and kills 
the growing tip of the seedling which then soon dies. However, thick, 
fleshy seedlings such as those of legumes and the sprouts from potato 
tubers may show noticeable brown, dead tips and lesions before they are 
killed. After the seedlings have emerged, the fungus attacks their stem 
and makes it water soaked, soft, and incapable of supporting the seedling 
which then falls over and dies. Older seedlings may also be attacked but 
on these the invasion of the fungus is limited to the outer cortical tissues 
on which the fungus produces elongate, tan to reddish brown lesions. The 
lesions may increase in length and width until they finally girdle the 
stem and the plant may die or, as it often happens in crucifers, before the 
plant dies the stem may turn brownish black and may be bent or twisted 
without breaking, giving the disease the name wire stem (Fig. 137B). ' 

A seedling stem canker known as "soreshin" is common and destruc
tive in cotton seedlings that have escaped the damping off or seedling 
blight phase of the disease and develops under conditions that are not 
especially favorable to the disease. The "soreshin" lesions appear as 
reddish brown, sunken cankers that range from narrow to completely 
girdling the stem near the soil line (Fig. 137A). As soil temperature rises 
later in the season, affected plants may show partial recovery due to new 
root growth. //Soreshin ,/ also affects tobacco and other crops in the seed 
bed or in the field. Dark-colored cankers or rotting develops at the base of 
the stem and may extend into the woody tissues and the pith as well as up 
the stem and into the lower leaves. The invaded tissues die and collapse, 
the black rotted area being relatively dry. 

Even in the damping off phase of the disease, Rhizoctonia frequently 
attacks the roots at the same time it attacks the stem. On most partly 
grown or mature plants, the reddish brown lesions usually appear first 
just below the soil line, but in cool, wet weather the lesions enlarge in all 
directions and may increase in size and numbers to include the whole 
base of the plant and most of the roots. This results in weakening, 
yellowing, and sometimes death of the plant. If infested soil is splashed 
by rain onto stems and lower branches or their junctions, stem cankers 
may also develop. 

On low-lying plants such as lettuce and cabbage, the lower leaves of 
which touch the ground or are close to it, Rhizoctonia attacks these 
leaves at the petioles and midribs on which it produces reddish brown, 
slightly sunken lesions while the entire leaf becomes dark brown and 
slimy. From the lower leaves the infection spreads upward to the next 
leaves until most or all leaves and the head may be invaded and rot, with 
mycelium and sclerotia permeating the tissues or nestled between the 
leaves (Fig. 137E, F). 

On lawn and fine turf grasses, Rhizoctonia causes the brown patch 
disease. Brown patch is particularly severe during periods of hot and 
humid or wet weather, especially with heavy dew periods. It appears as 
roughly circular areas, ranging from a few centimeters to one or more 
meters in diameter, in which the grass blades become water soaked and 
dark at first but soon become dry, wither and turn light brown. Diseased 



DISEASES CAUSED BY BASIDIOMYCETES 413 

areas appear slightly sunken, but at the border of the diseased areas, 
where the fungus is still active and attacks new grass blades making them 
look water soaked and dark, a characteristic grayish black "smoke" ring 2 
to 5 cm wide appears in damp days or in the early morning hours. As the 
grass dries, the activity of the fungus slows down or stops and the ring 
disappears. Brown to black, hard, round sclerotia about 2 mm in diameter 
form in the thatch, diseased plants and soil. In brown patch, Rhizoctonia 
usually kills only the leaf blades, and plants in the affected area begin to 
recover and grow again from the center outward, resulting in a 
doughnut-shaped diseased area. 

On fleshy, succulent stems and roots, and on tubers, bulbs, corms, etc., 
Rhizoctonia causes brown rotten areas that may be superficial or may 
extend inward to the middle of the root or stem. The rotting tissues 
usually decompose and dry, forming a sunken area filled with the dried 
plant parts mixed with fungus mycelium and sclerotia. The lesions may 
begin at the top of the fleshy root resulting in a crown rot that, in the 
field, may cause stunting and yellowing or death of the foliage. Lesions 
may also develop on the sides of fleshy tissues and may reach various 
sizes depending on host, weather, presence of cracks, etc. White, cream-
colored or brown mycelium may cover the lesions in wet weather, and 
when the tissues rot and dry, sclerotia also develop. 

On potato tubers, Rhizoctonia causes characteristic symptoms called 
"black scurf," in which small, hard, black sclerotia occur on the tuber 
surface and are not removed by washing (Fig. 137D), or "russeting" or 
"russet scab" in which the skin becomes roughened in a crisscross 
pattern resembling the shallow form of common potato scab. 

Finally, Rhizoctonia causes rots on fruits, pods, etc., lying on or near 
the soil, such as cucumbers, tomatoes (Fig. 137F), eggplant, beans, etc. 
These rots develop most frequently in wet, cool weather and appear first 
in the field, but may continue and spread to other fruits following harvest 
and during transportation and storage. The lesions appear at first as rather 
firm, water-soaked areas in which the tissues soon collapse and form a 
shallow, sunken area. In moist weather, mycelium appears on the spots, 
white at first but turns brown with age. The affected fruits and pods also 
turn brown and dry, or they may be invaded by soft-rotting bacteria that 
cause them to become mushy or watery. 

Other Rhizoctonia species cause somewhat different symptoms. Thus, 
R. crocorum attacks only underground parts of many vegetables and 
ornamentals and the diseased plant parts show a violet or red coloration 
due to the purple color of the superficial growth of the fungus which also 
contains many closely aggregated and darker sclerotialike bodies. 

In the sheath and culm blight of rice and other cereals, different 
Rhizoctonia species cause large, irregular lesions that have a straw-
colored center and a wide, reddish-brown margin. Seedling and mature 
plants may become blighted under favorable conditions for the pathogen. 

The pathogen, Rhizoctonia sp., and particularly R. solani, exists 
primarily as a sterile mycelium that is colorless when young but turns 
yellowish or light brown with age. The mycelium consists of long cells 
and produces branches that grow at approximately right angles to the 
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FIGURE 138. 
Disease cycle of Rhizoctonia solani (Thanatephorus cucumeris). 

main hypha, are slightly constricted at the junction and have a cross wall 
near the junction (Fig. 138). The branching characteristics are usually the 
only ones available for identification of the fungus as Rhizoctonia. Under 
certain conditions the fungus produces sclerotialike tufts of short, broad, 
ovate- to triangular-shaped cells that function as chlamydospores or, 
eventually, the tufts develop into rather small, loosely formed brown to 
black sclerotia which are common on some hosts such as potato. As 
mentioned earlier, R. solani infrequently produces a basidiomycetous 
perfect stage known as Pellicularia filamentosa or Thanatephorus 
cucumeris. The perfect stage forms under high humidity and appears as a 
thin, mildewlike growth on soil, leaves, and infected stems just above the 
ground line. The basidia are barrel-shaped, are produced on a membranous 
layer of mycelium, and have four sterigmata each bearing an ovoid 
basidiospore. 

The pathogen overwinters usually as mycelium or sclerotia in the soil, 
in or on infected perennial plants or propagative material such as potato 
tubers. In some hosts, e.g., bean, eggplant, pepper, and tomato, the fungus 
even invades, and may be carried in the seed. The fungus is present in 
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most soils and, once established in a field, remains there indefinitely. 
Different races of the fungus with different preferences as to hosts, tem
perature optimum, etc. exist. The fungus spreads with rain, irrigation, or 
flood water, with tools and anything else that carries contaminated soil, 
and with infected or contaminated propagative materials. For most races 
of the fungus the optimum temperature for infection is about 15 to 18°C , 
but some races are most active at much higher temperatures—up to 35°C. 
Disease is more severe in soils that are moderately wet rather than in 
soils that are waterlogged or dry. Infection of young plants is most severe 
when plant growth is slow due to adverse environmental conditions for 
the plant. Rapidly growing plants are likely to escape infection by Rhizoc
tonia, even when moisture and temperature may be favorable for the 
fungus. 

Control of Rhizoctonia diseases, when the fungus is carried with the 
seed, depends on the use of disease-free seed or seed treated with hot 
water and chemicals. Wet, poorly drained areas should be avoided or 
drained better and seeds should be planted on raised beds and in soil in 
the best possible condition to encourage fast growth of the seedling. 
There should be wide spaces among plants for good aeration of soil surface 
and of plants. When possible, e.g., in greenhouses and seed beds, the soil 
should be sterilized with steam or treated with chemicals. Drenching of 
soil with pentachloronitrobenzene helps reduce damping-off in seed beds 
and greenhouses. When specific races of the pathogen have built up, a 
three-year crop rotation with another crop may be valuable. With most 
vegetables, no effective fungicides are available against Rhizoctonia dis
eases, although dichloran, ferbam, and some other chemicals are some
times recommended as sprays on the soil prior to planting and once or 
twice on the seedlings soon after emergence. On turf grasses, along with 
proper drainage, removal of thatch, etc., preventive fungicide applications 
are recommended especially when night temperatures stay above 21°C or 
day temperatures above 28°C. Several fungicides, including some contact 
(mancozeb, dyrene, chlorothalonil) and systemic fungicides (carboxin, 
thiophanate methyl), seem to provide effective control. 

• Sclerotium Diseases 

They appear as damping off of seedlings, stem canker, crown blight, root 
and crown rot, bulb and tuber rot, and fruit rots. Sclerotium frequently 
causes severe losses of fleshy fruits and vegetables during shipment and 
storage. Sclerotium diseases are primarily diseases of warm climates 
affecting plants in countries within 38° latitude on either side of the 
equator. Because in the United States they are more common and severe 
in the southern states, they are often called "southern wilts or southern 
blights." Sclerotium diseases affect a wide variety of plants including 
vegetables, flowers, cereals, forage plants, and weeds. Some of the most 
common hosts of Sclerotium include legumes, crucifers, cucurbits, car
rot, celery, sweet corn, eggplant, lettuce, okra, onion, peppers, potato, 
sweet potato, tomato, amaryllis, chrysanthemum, delphinium, iris, nar
cissus, tulip, alfalfa, cereals, cotton, peanuts, tobacco, and many others. 
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When seedlings are attacked, the fungus invades all the parts of the 
seedling and the seedlings die quickly. When the fungus attacks plants 
that have already developed some woody tissue, it does not invade them 
throughout but it grows into the cortex and slowly or quickly girdles the 
plants which eventually die. Usually the infection begins on the succu
lent stem as a dark-brown lesion just below the soil line. The first visible 
symptoms appear as yellowing or wilting of the lower leaves or dying 
back of leaves from the tips downward. These symptoms then progress to 
the upper leaves. In plants with very succulent stems, e.g., celery, the 
stem may fall over, while in plants with harder stems, e.g., alfalfa, bean, 
tomato, tobacco, the invaded stem stands upright and begins to lose its 
leaves or to wilt. In the meantime, the fungus grows upward in the plant 
covering the stem lesion with a cottony, white mass of mycelium, the 
upward advance of the fungus depending on the amount of moisture 
present. The fungus moves even more rapidly downward into the roots 
and finally destroys the root system. The white mycelium is always 
present in and on infected tissues and from these it grows over the soil to 
adjacent plants, starting new infections. Invaded stem, tuber, and fruit 
tissues are usually pale brown and soft but not watery. The margin 
between healthy and diseased tissue is often darker than the other tis
sues. When fleshy roots or bulbs are infected, a watery rot of the outer 
scales or root tissues may develop or the entire root or bulb may rot and 
disintegrate and be replaced by debris interwoven with mycelium. If 
bulbs, roots, fruits, etc., are infected late in their development, symptoms 
may go unnoticed at harvest but the disease continues as a storage rot. 

On all infected tissues, and even on the nearby soil, the fungus pro
duces numerous small sclerotia of uniform size that are roundish or 
irregular and white when immature, becoming dark brown to black when 
they mature. The mature sclerotia are not connected with mycelial 
strands and have the size, shape, and color of mustard seed (Fig. 139). 

The fungus, Sclerotium sp., produces abundant white, fluffy, branched 
mycelium that forms numerous sclerotia but is usually sterile, i.e., it 
does not produce spores. Sclerotium rolfsii, which causes the symptoms 
described above on most of the hosts, occasionally produces basidiospores 
at the margins of lesions under humid conditions. Its perfect stage is 
Pellicularia rolfsii. Another species, 5. bataticola, which causes diseases 
in several different hosts, including ashy stem blight of bean and soybean, 
charcoal rot of sorghum and corn, stem rot on watermelon, and root and 
wood rot of citrus, produces numerous, small, black, irregular sclerotia, 
usually in the pith of stems or stalks of infected plants, and, occasionally, 
also conidia in pycnidia of the Macrophomina type. A third Sclerotium 
species, S. cepivorum, which causes the white rot disease of onion and 
garlic, in addition to sclerotia, also produces occasional conidia on 
sporodochia; these conidia, however, seem to be sterile. 

The fungus seems to overwinter mainly as sclerotia but also as 
mycelium in infected tissues or plant debris. It is spread by moving water, 
infested soil, contaminated tools, infected transplant seedlings, infected 
vegetables and fruits, and, in some hosts, as sclerotia mixed with the seed. 
Basidiospores and conidia may also participate in the dissemination of 
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FIGURE 139. 
(A) Southern stem blight of tomato caused by Sclerotium rolfsii. Note white 
mycelium and round, uniform sclerotia. (B) Onion white rot caused by Sclerotium 
cepivorum. (C) Stem rot of rice caused by Sclerotium oryzae. Numerous sclerotia 
are showing. (D) Mycelium and sclerotia of Sclerotium rolfsii in culture. (E) Cross 
section of sclerotium showing the compact mass of mycelial cells. (Photos A and 
C courtesy U.S.D.A. Photo Β courtesy P. B. Adams.) 

the species that produce them, but their role in this is not clearly estab
lished. 

The fungus attacks tissues directly. However, it produces a consider
able mass of mycelium and kills and disintegrates tissues by secreting 
oxalic acid, and also pectinolytic, cellulolytic, and other enzymes before 
it actually penetrates the host. Once the fungus becomes established in 
the plants, its subsequent advance and production of mycelium and 
sclerotia are quite rapid, especially during high moisture and high tem
perature (between 30 and 35°C). The pathogen seems to grow, survive, and 
attack plants best near the soil line, perhaps because of more favorable 
temperatures there, more plentiful supply of organic substances the fun
gus uses for food and, perhaps, less competition or antagonism by other 
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soil organisms. Sclerotia seem capable of surviving for long periods but 
they may be induced to germinate prematurely by alternate dry and moist 
periods. The fungus grows at a wide soil pH range (1.4 to 8.8) and is 
favored by sandy soils low in nitrogen. 

Control of Sclerotium diseases is difficult and depends partly on crop 
rotation, partly on cultural practices such as deep plowing to bury surface 
debris, liming to bring the pH to about 7.0, and, in some cases, by 
applying fungicides such as pentachloronitrobenzene (PCNB) and di
chloran to the soil before planting or in the furrow during planting. 
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R O O T R O T S O F T R E E S 

• Armillaria Root Rot of Fruit 
and Forest Trees 

Armillaria root rot is worldwide in distribution and affects hundreds of 
species of fruit trees, vines, shrubs, shade and forest trees, as well as other 
plants such as potatoes and strawberries, both in the temperate and 
tropical regions. The disease is often known as "shoestring root rot," 
"mushroom root rot," "crown rot," or "oak root fungus disease." The 
pathogen, Armillaria mellea, is one of the most common fungi in forest 
soils and the most spectacular losses occur in orchards or vineyards 
planted in recently cleared forest lands or in forest tree plantations, par
ticularly in stands recently thinned. Most commonly, however, the losses 
from Armillaria root rot are steady but inconspicuous, appearing as slow 
decline and death of occasional trees with greater numbers of trees dying 
from this disease during periods of moisture stress, following defoliation, 
etc. 

The aboveground parts of affected trees show symptoms similar to 
those caused by other root rot diseases, i.e., reduced growth, smaller, 
yellowish leaves, dieback of twigs and branches and gradual or sudden 
death of the tree. Affected trees may be scattered at first, but soon circular 
areas of diseased trees appear due to the spread of the fungus from its 
initial infection point. Diagnostic characteristics of Armillaria root rot 
appear at decayed areas in the bark, at the root collar and on the roots. 
White mycelial mats, their margins often veined and shaped as fans, form 
between the bark and wood (Fig. 140B). The mycelium may extend for a 
few feet upward in the phloem and cambium of the trunk and in some 
trees, such as oak, sugar maple and hemlock, it may cause a white rot 
decay. In addition to the mycelial fans, another even more characteristic 
sign of the disease is the formation of reddish brown to black 
"rhizomorphs" or "shoestrings," i.e., cordlike threads of mycelium 1 to 3 
mm in diameter consisting of a compact outer layer of black mycelium 
and a core of white or colorless mycelium. These often form a branched 
network of sorts on the roots, under the bark or in severely decayed wood, 
with some strands spreading into the soil surrounding the roots (Fig. 
140C, D). In areas in which the mycelium has invaded the cambium, 
cankers form on both hardwoods and conifers, and gum or resin is exuded 
from the infected area and flows into the soil. As the fungus gradually 
girdles and kills the tree at the base, infected wood changes from firm and 
slightly moist to somewhat soft and dry. At the base of dead or dying 
trees, a few to many honey-colored, speckled mushrooms about 7 or more 
centimeters tall and with a cap 5 to 15 cm in diameter grow from trunks, 
stumps or on the ground near infected roots (Fig. 140A). These are the 
fruiting bodies of A. mellea which appear in early fall and within their 
radial gills produce numerous basidia and basidiospores. 

The fungus overwinters as mycelium or rhizomorphs in diseased trees, 
decaying roots or in the soil. The principal method of tree-to-tree spread 
of the fungus is through rhizomorphs or direct root contact. Rhizomorphs 



FIGURE 140. 
(A) Armillaria mellea basidiocarps growing at the base of infected tree. (B) 
Fan-shaped mycelial mats of Armillaria advancing on the wood surface of main 
roots and the trunk. (C) Rhizomorphs of Armillaria growing on the wood of tree 
killed by the fungus. (D) Close-up of rhizomorphs on wood surface of trunk. 
(Photo A courtesy U.S.D.A. Photo Β courtesy U.S. Forest Service.) 
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grow from roots of infected trees or from decaying roots or stumps 
through the soil to roots of adjacent healthy trees (Fig. 141). Also, pieces 
of rhizomorphs may be carried by cultivating equipment into new areas. 
The fungus can apparently spread by basidiospores, but spores generally 
colonize dead stumps or woody material first and then rhizomorphs 
radiating from these attack living roots directly or through wounds. 
When roots of trees are in contact with infected or decaying roots, 
mycelium may directly invade healthy roots appressed to diseased roots 
without forming rhizomorphs. In all cases, trees and roots weakened from 
other causes are much more easily attacked by Armillaria than are vigor
ous trees. 

Control of Armillaria root rot is usually not attempted under forest 
conditions. Generally, however, losses can be reduced by removing the 
substrate such as tree stumps and roots and avoiding or delaying planting, 
for several years, susceptible fruit or forest trees in recently reclaimed 
forest land originally occupied by oaks or other plants favoring buildup of 
large amounts of Armillaria inoculum. Control of the disease in orchards 
and occasionally in forest plantations is attempted by digging a trench 
around an infected tree and its neighbors to prevent growth of 
rhizomorphs to adjacent trees and local soil fumigation of the infested 
area to destroy the fungus in the soil before Armillaria-killed trees can be 
replaced. 

• Fomes Annosus Root 
and Butt Rot of Forest Trees 

The disease occurs throughout the north temperate zone of the world and 
is common and serious on most conifers, particularly pines. Hardwoods 
may be attacked but they are generally not damaged seriously. Losses of 
wood from Fomes annosus are heavy and result from outright killing of 
trees, reduced timber due to heart rot, and reduced tree growth. 

The fungus, Fomes annosus, persists for a long time as a saprophyte on 
the dead stumps and roots of trees. It produces irregular-shaped conks 
(sporophores) whose upper surface is gray to brown and the underside 
white to tan and their size varies from two to many centimeters across. 
The conks form mostly near the base of the trees and stumps, or in the 
root crotch, and are often partially buried under litter. Infected trees 
usually show thin, unhealthy looking foliage at first and are often found 
in groups or circular pockets in the stand. Sometimes, however, trees 
with full crowns may have extensive butt and root decay and may die 
rapidly with a sudden red discoloration of the crown. Internally, the early 
stages of decay often produce a pink to violet stain in the wood that later 
gives way to narrow, elongated white pockets and scattered black flecks 
in the wood. Finally, in the last stages of decay, the wood develops a 
typical soft yellowish white, stringy rot. 

Fomes annosus can spread over long or short distances by airborne 
basidiospores and can gain entry into plantations by first infecting freshly 
cut stumps during thinning, and on nursery stock, or on infested mate
rial. The fungus grows through the stump and roots and spreads from 
them to adjacent trees through root grafts and contact points between 



FIGURE 141. 
Disease cycle of root rots of trees caused by Armiliaria mellea. 
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healthy roots and infected wood. It is also possible that basidiospores are 
washed down into the root zone where they infect dead or weakened 
roots. The fungus also produces conidia but their role in spreading the 
disease is not known. Once established in a stand, the fungus persists 
there indefinitely. 

Control of F. annosus root and butt rot is difficult. Because the disease 
is more severe on soils that have low organic matter, new plantations 
should not be made on such soils. Thinning of trees should be minimized 
or done during hot summer days in the south, when high temperatures 
kill the spores and the mycelium of the fungus and thus prevent infec
tion, or during cold weather in the north, where infections are probably 
limited to the summer months. Stump infection following thinning or 
harvest may be prevented by treating them with borax powder or urea 
liquid immediately after cutting or by inoculating them with fungi an
tagonistic to F. annosus, such as Peniophora gigantea. 
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WOOD ROTS AND DECAYS 
CAUSED BY BASIDIOMYCETES 

Huge losses of timber in the living trees in the forest and in harvested 
wood or in wood products are caused every year by the wood-rotting 
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Basidiomycetes (Figs. 119, 142, and 143). In living trees, most of the 
rotting is confined to the older, central wood of roots, stem or branches 
sometimes referred to as heartwood (Fig. 142G, H). Once the tree is cut, 
however, the outer wood, which is sometimes referred to as sapwood, is 
also attacked by the wood-rotting fungi, as are the wood products made 
from it—if moisture and certain other conditions remain favorable for the 
fungi. When large wounds or cuts are present on the tree, discoloration and 

FIGURE 142 (A-F). 
(A) Large canker and rotten area of trunk originating at decaying smaller branch. 
(B) Central portion of apple branch rotted by the silverleaf fungus Stereum 
purpureum. (C) Remnants of tree trunk attacked by wood rot fungi. (D) Beech 
trunk rotted by Polyporus betulinus and several basidiocarps of the fungus. (E) 
The lower side of a basidiocarp of Polyporus betulinus. (F) Tangential section of a 
perennial basidiocarp (conk) of a Fomes species. 
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FIGURE 142 (G, H). 
(G) Close-up of wood rot in tree trunk originating at large wound. (H) Most wood 
of this trunk has been rotted away by wood rot fungi although there are no signs of 
exterior damage at the level of the cut. (Photos courtesy U.S.D.A.) 

decay may also spread into the outer wood, and the entire tree, especially 
among hardwood trees, becomes of little economic value. 

Depending on the host portion attacked, wood rots may be called root 
rots, root and butt rots, stem rots, or top rots. The fungi that cause these 
rots or wood product decays grow inside the wood cells and utilize the 
cell wall components for food and energy. Some of them, the brown-rot 
fungi, which attack preferably softwoods, can break down and utilize 
primarily the cell wall polysaccharides (cellulose and hemicellulose), 
leaving the lignin more or less unaffected. This usually results in rotten 
wood that is some shade of brown and, in advanced stages, has a cubical 
pattern of cracking and a crumbly texture (Fig. 143E). Other wood rotters, 
the white-rot fungi, either decompose lignin and hemicellulose first and 
cellulose last, or decompose all wood components simultaneously, in 
either case reducing the wood to a light-colored spongy mass (white rot) 
with white pockets or streaks separated by thin areas of firm wood (Fig. 
143, F, G). The white-rot fungi are able to, or preferably attack hardwoods 
normally resistant to brown-rot fungi. 

It should be noted here that, in addition to the brown rots and white 
rots caused by Basidiomycetes, wood is also attacked by certain Ascomy
cetes and Imperfects. Some Ascomycetes, such as Daldinia, Hypoxylon, 
and Xylaria, cause a relatively slow white rot with variable black zone 
lines in and around the rotting wood both in standing hardwood trees and 
in slash. In standing trees the decay is usually associated with wounds or 
cankers while in wood pieces the decay is usually at or near the surface of 
wood with high moisture content. Others, such as species of Alternaria, 
Bisporomyces, Diplodia, and Paecilomyces, cause the so-called soft rots 
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of wood that affect the surface layers of wood pieces maintained more or 
less continuously at a high moisture content. The soft-rot fungi utilize 
both polysaccharides and lignin. They invade wood preferably through 
rays or vessels from where they grow into the adjacent tracheids and 
invade their cell wall. Within the cell wall they produce conical or 
cylindrical cavities parallel to the orientation of the microfibrils and, 
with progressing decay, the entire secondary wall is interlaced 
by confluent cavities. Several types of bacteria also attack wood, 
primarily in wood parenchyma rays where they break down and uti
lize the contents and walls of the parenchyma cells and thus increase 
the porosity and permeability of the wood to liquids, including fungal 
enzymes. Furthermore, several Ascomycetes and Imperfects result in the 
appearance of unsightly discolorations in the wood and thus reduce the 
quality but not the strength of the wood. Some of the wood-staining fungi 
are simply surface molds that usually grow on freshly cut surfaces of 
wood and impart to the wood the color of their spores, e.g., Penicillium 
(green or yellow), Aspergillus (black, green), Fusarium (red), Rhizopus 
(gray), etc. (Fig. 143A, B). Other wood-staining fungi, however, usually 
called sap-stain or blue-stain fungi, cause discoloration of the sapwood by 
producing pigmented hyphae that grow mainly in the ray parenchyma but 
can spread throughout the sapwood and cause lines of discoloration (Fig. 
143C, D). Among the blue-stain fungi are species of Ceratocystis, Hy-
poxylon, Xylaria, Graphium, Diplodia, and Cladosporium. 

The bulk of wood rotting, however, is carried out by Basidiomycetes 
and the most important fungi that rot wood in standing trees or in wood 
products are the following: 

Fomes, causing root and butt rot of conifers [F. annosus), mottled white root 
and butt rot of hardwoods [F. aplanatus), white heart rot of deciduous trees 
[F. connatus), spongy white sap and heart rot of birch and aspen (F. fomen-
tarius), white heart and sap rot of many living deciduous trees [F. igniarius), 
red heart rot of conifers [F. pini), brown cubical sap and heart rot of conifers 
and hardwoods [F. pinicola). 

Polyporus, many species causing rot of dead trees or logs (P. adustus, P. gilvus, 
P. hirsutus, P. pargamenus, P. picipes and P. versicolor, all of them decaying 
primarily dead hardwood trees and logs). Many other species attack living as 
well as dead trees. Some of them attack only or mainly conifers and cause 
brown cubical root and butt rot (P. schweinitzii), red root and butt rot [P. 
tomentosus), white pocket rot of roots and butt (P. circinatus), red heart and 
sap rot of trunks [P. anceps). Others attack only or mainly deciduous 
hardwoods and cause a white heart rot (P. squamosus and P. obtusus), a 
brown cubical rot of the trunk (P. sulphureus), a spongy white rot (P. his-
pidus), a yellow cubical sap and heart rot of birch [P. betulinus), a canker 
and decay of maple [P. glomeratus), a root and butt rot {P. lucidus), or a 
trunk canker and localized decay [P. hispidus). 

Poria, causing a root rot of most conifers (P. weirii), a yellow, feathery root and 
butt rot of balsam fir (P. subacida), and a butt swelling and advanced decay 
on birch [P. obliqua), while another species, P. incrasata, causes the com
mon brown cubical rot in buildings and stored lumber, and by means of 
rhizomorphs can transport water for distances up to 5 meters or more. 

Ganoderma, similar to Fomes, causing white mottled rot in hardwoods. 
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FIGURE 143. 
Wood discolorations and decays. (A, B) Surface molds or mildews on wood caused 
by fungi such as Penicillium. (C) Sapstain or blue stain caused by fungi such as 
Ceratocystis. (D) Zone lines of white rot fungus [Fomes igniarius) in beech. (E) 
Brown rot caused by Poria incrasata, the water conducting fungus. (F) White 
pocket rot caused by species oiPolyporus and Fomes. (G) Advanced white rot on 
wood caused by Polyporus and other wood-rotting fungi. 

Stereum, causing "silver leaf" of fruit trees as a result of decay of the interior of 
the tree trunk and branches (5. purpureum). Other species cause a white 
pocket rot of oaks (S. frustulosum), a white mottled heart rot of sprout oaks 
(S. gausapatum), and a red top rot of balsam fir (5. sanguinolentum). 

Peniophora, causing decay in coniferous logs and pulpwood. 
Lenzites, causing a brown cubical rot on coniferous logs, posts, poles, etc. (L. 

sepiaria), and decay of hardwood slash (L. betulina). 
Pholiota, causing brown rot in hardwoods. 
Pleurotus, causing white rot in hardwoods. 
Schizophyllum, also causing white rot in hardwoods. 
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The development of wood rots varies, of course, with the particular 
fungus involved and the host tree attacked. There are, however, many 
similarities (Fig. 144). Thus, the wood rot fungi enter trees as germinating 
basidiospores or mycelium through wounds, dead branches, branch stubs, 
tree stumps or damaged roots and spread from there to the heartwood 
and/or sapwood of the tree or tree sprout. Wounds caused by fire and by 
cutting and thinning operations are the most common points of entry of 
these fungi. The fungi develop in the wood and spread upward and/or 
downward in a cylinder much faster than they do radially. In some wood 
rots, especially those of hardwoods originating from wounds or branch 
stubs, the rotten cylinder is only a few inches in diameter, forms a 
column no larger than the diameter of the tree at the time of injury, and 
may extend to one or a few meters above and below the area where the 
fungus entered the tree or where its fruiting bodies (conks) appear. In 
other wood rots, particularly those of conifers, the rotten cylinder en
larges steadily until the tree is killed or blown over by heavy winds and it 
may extend upward over much of the height of the tree. 
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FIGURE 144. 
Disease cycle of wood-rotting fungi. 
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The process of discoloration and decay in the wood of living trees 
appears to be quite complex, involving a number of successive or overlap
ping events. First, there must be an injury to the tree that exposes the 
wood as a result of a dead or broken branch, animal damage, fire burn, or 
mechanical scraping. The injured cells and those around them undergo 
chemical changes such as oxidation and become discolored. As long as 
the wound is open, discoloration advances toward the pith and around the 
tree, but if the wound is small and occurs early in the season, a new 
growth ring forms and its cells act as a barrier to the discoloration process. 
The discoloration moves up and down within the cylinder of barrier cells 
but not outward into the new and subsequent growth rings. Of course, 
many microorganisms are likely to land or be brought to the surface of a 
tree wound and many of them begin to grow on the moist surface. Among 
these, however, only some bacteria and some Ascomycetes or Imperfect 
Fungi manage to survive on the discolored wood of the wound. These 
microorganisms do not cause wood decay but they increase the discolora
tion and wetness of the wood and erode parts of the cell walls. Such wood 
is called wetwood, redheart, or blackheart. Finally, however, the wood-
rotting Basidiomycetes become active and begin to disintegrate and digest 
the cell wall components. These wood-rotters attack only the tissues that 
have already been altered first by the chemical processes and then by the 
bacteria and the Ascomycetes and Imperfects. So, the wood rotting 
Basidiomycetes also remain confined to the discolored column within the 
new growth, being unable to attack the latter. The decay in the discolored 
column continues until the wood is completely decomposed but the 
influx of new microorganisms through the wound continues, even after 
the first decay fungus has caused the tissue to rot, and stops only when all 
tissues are completely digested. It should be noted that this process of 
discoloration and decay may take 50 to 100 years to develop. It is most 
common and rapid in older, larger trees and the older the trees the more 
likely they are to contain decay columns. The discoloration and decay 
process starting at a particular wound need not, of course, go through to 
completion. Quick healing of the wound, antagonisms among the micro
organisms involved, natural wood resistance, or other factors may cause 
the process to stop at any stage. On the other hand, a large tree is likely to 
be injured many times over its long period of life. The events described 
above may be repeated many times after each new wound is formed and 
thus more and more of the wood may be involved in the more or less 
continuous process of discoloration and decay. The end result is the 
formation of a single large column or multiple columns of discolored and 
decayed wood. 

The sporophores or conks of the wood-rotting Basidiomycetes appear 
near the point of entry of the fungus, near the base of the tree, in cankers 
or swollen knots along the stem of living trees, or along the length of the 
tree stem following its death. The sporophores of most wood rotting 
fungi, e.g., Polyporus and Poria, are formed annually and do not last for 
more than a year, but those of Fomes are perennial, adding a layer of 
tissue with vertical tubes and pores each year for 50 years or more. The 
sporophores produce basidiospores during part or most of the growing 
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season and the spores are carried by wind, rain or animals to the nearby 
trees. 

Control of wood rots and decays is impossible in the forest, but losses 
can be reduced: (1) by management practices that reduce or eliminate the 
chance of introduction of the fungi into healthy stands, (2) by conducting 
logging and thinning operations in a way that minimizes breakage of 
branches or other wounds of remaining trees and conducting them during 
the dry season to avoid mechanical damage to the root systems of the 
residual trees, and (3) by harvesting trees prior to the age of extreme 
susceptibility to wood rot fungi. Damage caused by wood-rotting fungi in 
shade and fruit trees can be prevented or minimized by avoiding or 
preventing wounds,- by pruning dead and dying branches flush with the 
main stem; by cleaning wounds through cutting of torn bark and shaping 
the wound like a vertical ellipse,- and by keeping the trees in good vigor 
through adequate irrigation and proper fertilization. Treating large cuts or 
wounds with a wound dressing or tree paint has been routinely practiced 
in the past but its usefulness in preventing wood discoloration and decay 
is questionable. 

Control of discoloration or decays in lumber and wood products is 
usually accomplished by drying the wood or by treating it with an organic 
mercuric or a chlorophenate fungicide, or with a mixture of the two. 
Wood that is likely to be in contact with soil or other moist surfaces 
should be treated with one of several wood preservatives such as creosote, 
pentachlorophenol, copper naphthanate, and zinc chromate. 
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MYCORRHIZAE 
AND PLANT GROWTH 

The feeder roots of most flowering plants growing in nature are generally 
infected by symbiotic fungi that do not cause root disease but, instead, are 
beneficial to their plant hosts. The infected feeder roots are transformed 
into unique morphological structures called mycorrhizae, i.e., "fungus 
roots." Mycorrizae, known for many years to be common in forest trees, 
are now considered to be the normal feeder roots for most plants including 
cereals, vegetables, ornamentals, and, of course, trees. 

There are three types of mycorrhizae, distinguished by the way the 
hyphae of the fungi are arranged within the cortical tissues of the root. 

Ectomycorrhizae. These roots are usually swollen and, in some 
host-fungus combinations, appear considerably more forked than non-
mycorrhizal roots. Ectomycorrizae are formed primarily on forest trees by 
mushroom- and puffball-producing basidiomycetes and by several as-
comycetes. Spores of ectomycorrhizal fungi are produced aboveground 
and are wind disseminated. The hyphae of ectomycorrhizal fungi usually 
produce a tightly interwoven "fungus mantle" around the outside of the 
feeder roots, the mantle varying in thickness from one or two hyphal 
diameters to as many as 30 to 40. These fungi also enter the roots but they 
only grow around the cortical cells, replacing part of the middle lamella 
between the cells, and forming the so-called Hartig net. Ectomycorrhizae 
appear white, brown, yellow, black, etc., depending on the color of the 
fungus growing on the root. 

Endomycorrhizae. These roots externally appear similar to non-
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mycorrhizal roots in shape and color but, internally, the fungus hyphae 
grow into the cortical cells of the feeder root either by forming specialized 
feeding hyphae (haustoria), called arbuscules, or by forming large swollen 
hyphae, called vesicles. Most endomycorrhizae contain both vesicles and 
arbuscules and are, therefore, called "vesicular-arbuscular" (VA) mycor-
rhizae (Fig. 145). Endomycorrhizae are not surrounded by a dense fungal 
mantle but by a loose mycelial growth on the root surface from which 
hyphae and large pearl-colored zygospores or chlamydospores are pro
duced underground. Endomycorrhizae are produced on most cultivated 
plants and on some forest trees by phycomycetes, primarily of the genus 
Endogone, but also other fungi, e.g., Glomus. 

Ectendomycorrhizae. They are intermediate between the other two. 
They are caused by fungi of unknown identity that grow into and also 
around the cortical cells of the root and may or may not have a fungus 
mantle on the surface of the feeder roots. 

Mycorrhizae apparently improve plant growth by increasing the ab
sorbing surface of the root system; by selectively absorbing and ac
cumulating certain nutrients, especially phosphorus,- by solubilizing and 
making available to the plant some normally nonsoluble minerals; by 
somehow keeping feeder roots functional longer; and by making feeder 
roots more resistant to infection by certain soil fungi such as 
Phytophthora, Pythium, and Fusarium. It should be kept in mind, how
ever, that there may be many different host-fungus mycorrhizal associa
tions and each combination may have different effects on the growth of 
the plant. Some mycorrhizal fungi have a broad host range while others 
are more specific. Also, some mycorrhizal fungi are more beneficial to a 
certain host than other fungi, and some hosts need and profit from 
association with a certain mycorrhizal fungus much more than do other 
hosts. Mycorrhizal fungi also need the host in order to grow and repro
duce; in the absence of hosts the fungi remain in a dormant condition as 
spores or resistant hyphae. 

The symbiosis between the host plant and the mycorrhizal fungus is 
generally viewed as providing equal benefits to both partners. Yet, it is 
quite probable that under certain nutritional conditions, one of the two 
partners may dominate and benefit more than the other. It has been 
suggested that the fungus is most aggressive in its invasion of root tissues 
when the host is growing at suboptimal nutritional levels (host defenses 
weak?) and the symbiotic relationship is terminated when nitrogen sup
ply in the host reaches its optimum (host defenses at their best?). If 
nitrogen supply is again reduced to deficiency levels, the fungus partner 
begins to dominate and forms in abundance while plant growth is sup
pressed. 

As far as is known, mycorrhizae do not cause disease, but absence of 
mycorrhizae in certain fields results in plant stunting and poor growth 
which can be avoided if the appropriate fungi are added to the plants. 
Also, soil fumigation often results in the eradication of mycorrhizal fungi 
and this in turn causes plants to remain smaller than plants growing in 
nonfumigated soil. 
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FIGURE 145. 
Vesicular-arbuscular mycorrhizae (endomycorrhizae) on yellow poplar 
(Liriodendron tulipifera) produced by Glomus mosseae. (A) Scanning electron 
micrograph of interior of mycorrhizal root showing coiled intracellular hyphae in 
outer cortical cells and three inner cortical cells which contain arbuscules. Some 
external mycelium of the fungus can be seen on the outside of the epidermis (top 
center). (B) Scanning electron micrograph of arbuscular morphology in a sample 
treated to remove host cytoplasm which surrounds the structure. This is a 
mature, viable arbuscule prior to the initiation of degenerative processes which 
lead to breakdown of this part of the endophyte. (C) Transmission electron 
micrograph of a similar arbuscule in a cortical cell. (Photos courtesy M. F. Brown 
and D. A. Kinden.) 
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