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Preface

This compendium was written by and for individuals-world--

‘wide who have a direct interest in peanut production as affected
by plant and seed abnormalities. The technical data on specific
causal organisms, etiologies, and control.strategies for known
peanut disorders or abnormalities should .serve as-a valuable
resource for those interested in the economical production.of
top-quality peanuts free of undesired contaminants.

To further broaden the appeal of the compendium to those
involved in extension and scientific activities and to agribusi-
ness and crop specialists, experts from throughout the world
have participated in preparing this edition. In fact, authors from
India, the People’s Republicof China, Malawi;, Australia, Israel,
and South Africa have prepared sections in the areas of their
expertise. Thus, the second edition of this compendium is truly
international in scope and should be even more useful to
people in all segments of the peanut industry.

For reference and clarity, this compendium is divided into
five parts. Part I covers biotic diseases caused by fungi, bac-
teria, riematodes, “viruses, and ‘phytoplasmas; Part II,- abiotic
diseases caused by environmental stresses such as drought,
herbicide injury, nutrient imbalances, and air pollution; Part III,
diseases and injury caused by insects and arthropods; and Part

IV, miscellaneous detrimental as well as beneficial organisms.
Since future disease control appears to depend heavily upon
disease resistance, Part V, Management of Peanut Diseases,
contains sections on management strategies, genetic modifica-
tion, and disease- and insect-resistant cultivars already avail-
able for use by growers and in breeding programs.

The authors who contributed to specific sections of this com-
pendium are noted at the end of their sections. The time and
effort put forth by each author are appreciated. These valuable
contributions will enhance the acceptance of this-compendium.

The' editors especially thank the following individuals who
Teviewed the entire manuscript: J. P. Damicone, Oklahoma
State University, Stillwater; T. B. Brenneman, University of
Georgia, Tifton; and J. Fletcher, Oklahoma State University,
Stillwater.

We also thank those who contributed photographs and illus-
trations. Where possible, proper credit is given.

The editors gratefully acknowledge the contributions of the
secretarial staff including N. T. Whitfield and R. M. Waldo.
Special thanks to F. S. Wright, R. A, Taber, and the Depart-
ment of Plant Pathology at Aubum University.
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Introduction

The peanut (Arachis hypogaea L.) is cultivated throughout
the world; India and China are the largest producers (Table
1). The United States, the world’s third largest producer,
produces more peanuts per cultivated unit area than any other
country. Production of peanut in the United States is limited
to nine states (Table 2), of which Georgia and Texas are the
largest producers. More than 675,000 ha (1.7 million acres)
were harvested in the United States in 1992 with an average
yield of 2,877 kg/ha (2,567 1b/acre) and a value approaching
$1.3 billion.

The peanut plant is unusual because it flowers above-
ground and pods containing one to five edible seed are
produced below ground. Seed from the pods are eaten raw or
cooked. Peanut seed are very nutritious and high in calories
and contain 25% protein. They may be boiled, broiled,
roasted, fried, ground into peanut butter, or crushed for oil.
Peanut seed also contain fats, carbohydrates, fiber, vitamin
E, niacin, folacin, calcium, phosphorus, magnesium, zinc,
iron, riboflavin, thiamine, and potassium. Most of the peanut
crop produced in the United States is shelled and sold as
peanut butter, salted peanuts, and confections. Peanut oil is
of high quality -and contains unsaturated fats.such as oleic
and linoleic acids.

TABLE 1. Peanut Production, 1992°

Area Planted « Production
Country (ha) (metric tons)
India ‘8,750,000 7,500,000
China 2,975,000 6,200,000
Senegal 872,000 724,000
United States 816,000 2,235,000
Indonesia 645,000 920,000
Burma (Myanmar) 550,000 500,000
Zaire 530,000 380,000
Sudan 530,000 400,000
Nigeria 480,000 220,000
Cameroon 320,000 140,000
Argentina 190,000 400,000

2Data from Agricultural Statistics, 1992, U.S. Govermnment Printing
Office, Washington, DC.

The Peanut Plant

The cultivated peanut plant (A. hypogaea) (Fig. 1) is an erect
or prostrate, sparsely hairy, annual legume, 15-60 cm high or
higher. It has a well-developed taproot with many lateral roots.
Roots are usually devoid of hairs and a distinct epidermis.

Fig. 1. The peanut plant.

TABLE 2. Peanut Production in the United States, 1992*

Yield

Area ?}gnted — I Production
State Acres Hectares Ib/acre kg/ha (metric tons)
Alabama 237,000 95912 2,505 2,781 268,157
HForida 88,000 35,628 2,530 2,836 91,858
Georgia 675,000 273,169 2,705 3,032 825,758
New Mexico 21,000 8,498 2,760 3,094 26,416
North Carolina 153,000 61,918 2,660 2,982 184,605
Oklahoma 100,000 40,470 2,410 2,702 107,131
South Carolina 14,000 5,666 2,500 2,803 14,742
Texas 308,000 124,696 2,330 2,612 308,514
Virginia 94,000 38,041 2,755 3,088 - 116,218

2Data from Agricultural Statistics, 1993, U.S. Government Printing Office, Washington, DC.



Peanut leaves are pinnate, with two opposite pairs-of leaflets
2-5 cm long. The petioles are 37 cm long. Flowers are borne
on inflorescences located in the axils of leaves but never at the
same nodes as vegetative branches. Nodes have one to many
flowers. Flowers have two calyx lobes, an awllike one opposite
the keel and a broad, four-notched one opposite the back of the
standard. The five yellow petals consist of a yellow to orange
standard, two yellow to orange wings, and two petals. The
flower has 10 monadelphous stamens.

Flowers appear 4-6 weeks after planting. Self-polhnatlon
occurs in the closed keel of the flower at sunrise. The flower
withers 5-6 hr after opening.

Within about 1 week after fertilization, a pointed, needlelike
structure (the carpophore), commonly called the “peg,” devel-
ops and elongates quickly. The fertilized ovaries are located
behind the tip of the peg. The peg grows into the soil to a depth
of 2-7 cm. The tip orients itself horizontally, the ovary en-
larges rapidly, and pod growth begins.

The mature pod (fruit) is an oblong, indehiscent legume (1-8
x 0.5-2 c¢cm) containing one to five seed. The dry shell (peri-
carp) of the mature pod is reticulate and has one to 15
longitudinal ridges. Of the pod weight, 20-30% is shell. Ma-
ture seed (incorrectly termed kernels) are cylindrical or ovoid
and measure 1-3.5 x 0.5-1.5 cm. The seed coat varies among
cultivars in color; it can be white, pink, red, purple, shades of
brown, or variegated. Seed have two large cotyledons, an epi-
cotyl with three meristems, a hypocotyl, and a primary root.
Seed weight varies from about 0.2 to 2 g.

Selected References

Gregory, W. C., Gregory, M. P, Krapovickas, A., Smith, B. W., and
Yarbrough, I. A. 1973. Structures and genetic resources of peanuts.
Pages 47-113 in: Peanuts, Culture and Uses. American Peanut
Research and Education Society, Stillwater, OK.

Norden, A. J., Smith, O. D., and Gorbet, D. W. 1982. Breeding of the
cultivated peanut. Pages 95-122 in: Peanut Science and Tech-
‘nology. H. E. Pattee and C. T. Young, eds. American Peanut Re-
search and Education Society, Yoakum, TX.

(Prepared by D. M. Porter)

Origin of the Peanut

The peanut (Arachis spp.), indigenous to South America, is a
self-pollinating, indeterminate, herbaceous legume. Sixty-nine
species have been identified (see Taxonomy of the Genus
Arachis). Of these, only six have been cultivated to any extent:
A. hypogaea L., A. villosulicarpa Hoehne, and A. stenosperma
Krapov. & W. C. Gregory for their edible seed and A. repens
Handro, A. pintoi Krapov. & W. C. Gregory, and A. glabrata
Benth. for forage and ground cover. A. villosulicarpa is culti-
vated only by the native people of western Brazil. The most
widespread cultigen of the genus A. hypogaea is found in the
tropical and subtropical areas on every continent except Ant-
arctica. “

The genus Arachis originated in the central part of Brazil,
probably predating the present Amazonian forest by several
millennia. The pod, fleshy root systems, many plant forms and
leaf structures, and an immense potential to recover from envi-
ronmental stress have all evolved as a result of the wide range
of climatic' changes imposed on Arachis spp. since the early
origins of the genus. The ability to survive in harsh environ-
ments is in large part the result of the specialized root systems
and the pods. Agents capable of physically moving soil con-
taining pods, such as water, are the most likely means of effec-
tively distributing species within regions.

A. hypogaea was likely first domesticated in the valley of
the western Paraguay River in the Chaco. region .of South

2

America. Archeological evidence suggests that peanuts similar
to some of today’s germ plasm were cultivated by the residents
of South America 3,000-3,700 years ago. In spite of its long
history of cultivation, A. hypogaea has not been found in the
wild. A. hypogaea is an allotetraploid thought to have been
developed from chromosome doubling of a cross between two
diploid wild species. Although several proposals have been
made as to which species are the progenitors of A. hypogaea,
conclusive evidence has not yet been presented.

Equally important to peanut improvement is the clarification
of the origin of the subspecies within A. hypogaea. Whether
the subspecies are the results of genetic divergence over a long
period or of different crosses among species has not been deter-
mined.

Peanuts were being grown extensively, some under irriga-
tion, when the first European explorers came to South Amer-
ica. These explorers were responsible for introducing peanuts
into Africa, Asia, Europe, and the Pacific islands. Peanuts were
introduced into the United States from Africa, the Caribbean
islands, and Spain by traders. Beginning in about 1800, pea-
nuts were planted near seacoast towns including Wilmington,
North Carolina; Charleston, South Carolina; Norfolk, Virginia;
and Savannah, Georgia. The first commercial production of
peanuts in the United States is thought to have been near
Waverly, Virginia, in 1844.

Selected References
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(Prepared by T. A. Coffelt and C. E. Simpson)

Taxonomy-of the Genus Arachis

Carolus Linnaeus described the cultivated peanut Arachis
hypogaea L. in 1753. The first taxonomic treatment of the
genus, including five species, was published in 1841. During
the next 100 years, approximately 10 additional species de-

_scriptions_appeared. Much confusion was introduced into the

Arachis taxonomy during this time, and a vast increase in new
species and accessions occurred with the 1959-1961 collec-
tions. Delays in describing these materials resulted in the use
of several undescribed species names (nomen nudum) in the
literature. From 1976 to 1993, the International Board for Plant
Genetic Resources funded collection efforts in the primary cen-
ter of origin of Arachis. New species were collected; and by

1994, the number of species approached 70, only 23 of which

were officially described.

A summary of the taxonomy of the primary cu1t1vated
species is shown in Table 3. A. hypogaea was divided into two
subspecies and six botanical. varieties. Subspecies hypogaea
includes variety hypogaea, which contains the virginia and’
runner market types in the United States peanut trade. Variety
hirsuta also belongs to this larger-seeded, slower-maturing,
prostrate, plant-type group. A. hypogaea hypogaea hirsuta has
small hairs on both surfaces of the leaflets, stipules, petioles,
and stems. Subspecies fastigiata contains four varieties: 1)
fastigiata, the valencia market type (United States trade); 2)



vulgaris, the United States spanish type; 3) peruviana, the’

deeply reticulated pod type from northern Peru; and 4) aequa-
toriana, which has a deeply reticulated pod with very hairy
plant parts. ’

Sixty-eight wild Arachis species and their assignment to
nine taxonomic sections have been described. The most signifi-
cant characters distinguishing Arachis species are their under-
ground structures including pods (fruits), rhizomatous stems,
root systems, and hypocotyls. These variations, coupled with
autogamous reproductive systems, agametic reproduction, and
the limited means of seed dispersal, can be attributed to the
genetic variability that gives rise to noticeable infertility in
crosses between species within sections and near total infer-
tility in crosses between species from different sections.

A few major differences between the new taxonomy and
what is commonly found in the pre-1994 literature include the
following:

1. Two new varieties of cultivated peanut, both in the sub-
species fastigiata, have been described: var. peruviana and
var. aequatoriana (Table 3).

2. A. chacoensis (or A. chacoense) Krap. et Greg., nom. nud.,

" does not appear in the new revision. This accession (GKP-
10602), included under the name A. diogoi, was collected
downstream (Paraguay River) from accessions of A. diogoi.

.. Morphologically, it is difficult to distinguish between
accessions.

3. A. duranensis includes all old accessions that were called A.
spegazzinii Krap. et Greg., nom. nud.

4. A. pusilla Benth. is assigned to the section Heteranthae, not
Triseminalae. Assignments were based on very young
seedlings, not mature plant parts.

The evolutionary and phylogenetic relationships between the
nine different taxonomic sections make it evident that the
genetic distances separating the sections are far from being of
the same magnitude. The presumably older sections (Trisemi-
nalae, Trierectoides, Erectoides, Extranervosae, and Heteran-
thae), except for Erectoides, are much more isolated from the
remaining sections and each other than those believed to be of
more recent origin (Procumbensae, Caulorhizae, Rhizomato-
sae, and Arachis). \

Section Arachis is by far the largest, containing about 39%
of the species described. Species of this section appear to be
invading geographical areas occupied by species of other sec-
tions. They grow intermixed with populations of Extranervosae
in the upper Paraguay River basin, occupy common ground
with section Procumbensae.in the Gran. Pantanal and central
Bolivia, and grow with Heteranthae, Extranervosae, and
Rhizomatosae in eastern and northeastern Brazil. They have
reached the shores of La Plata and the southeastern coast of
Brazil and grow from Salta in northwestern Argentina to the
Tocantines in northeastern Brazil.

The 27 species of section Arachis will provide most of the
genes for the improvements in cultivated peanut in the near

TABLE 3. Taxonomic Assignmentr of the Cultivated
Peanut Species Arachis hypogaea L.*

U.S. Market
Subspecies  Variety Type Primary Area of Origin
hypogaea hypogaea Virginia Southern Bolivia and
Runner northern Argentina
hirsuta e Peru
Jastigiata fastigiata Valencia Peru, Brazil, and Paraguay
peruviana o Peru
aequatoriana Ecuador
vulgaris Spanish Paraguay, Uruguay, and
Brazil

2 Source: Krapovickas and Gregory, 1994.

future because those from the primary and secondary gene pools
are accessible without DNA technology. Utilization in peanut-
breeding programs of genes in the tertiary gene pool (i.e., outside
section Arachis) will probably require DNA technology.
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Peanut Diseases

Most widespread peanut diseases of today were noted and
described during the early days of commercial peanut produc-
tion. As the peanut became more economically important in
world agriculture, emphasis in production shifted from mini-
mal input to intense input, which resulted in high yields and
improved seed quality. As the peanut went from a low-value to
a high-value crop and production intensity increased, both old
and new diseases prevailed. The development and severity of
peanut diseases depend on complex interactions among the
host, the pathogen, and the environment (Fig. 2).

Pesticides, cultural practices, and resistant cultivars have
been developed to aid in the control of specific pathogens.
However, disease is the main factor limiting peanut production
in many parts of the world. In the United States, economic
losses caused by reduced yields and the preventive measures
taken to control disease cost many millions of dollars annually:

Biotic Agents
Any abnormality of the peanut plant (foliage, roots; pods;
and seed) is considered to be a disease. Diseases are caused by

SUNAROL
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N

Fig. 2. Interacting factors commonly associated with ‘disease de-
velopment in peanut plants.
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infectious (biotic) agents or noninfectious (abiotic) agents.
Biotic agents that cause diseases of major importance include
fungi, bacteria, nematodes, viruses and viroids, and phyto-
plasmas (mycoplasmalike organisms [MLOs]) (Fig. 3).

Fungi. Fungi, the most numerous of all peanut pathogens,
are simple, filamentous organisms lacking chlorophyll (Fig. 4).
They depend on the oxidation of organic matter for food rather

than on energy obtained from sunlight. While most live as -

saprophytes, some fungi are parasites, obtaining their food
from other living plants, such as the peanut. Approximately 50
genera of fungi are causal agents of peanut diseases. Some fun-
gi penetrate the host directly; others penetrate through natural
openings or wounds. Once inside the host tissue, fungi grow
intercellularly and intracellularly.

Many genera of fungi produce asexual spores in large num-
bers on infected plant parts (Fig. 4A and B). Such spores are
usually short lived and provide inoculum for secondary infec-
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|~ Beet Yellows Virus
,’ = Tobacco Mosaic Virus

®  Cucumber Mosaic Virus

Ce Tobacco Necrosis Satellite Virus

'« Hemoglobin Molecule

7 Virids

~ e~ Wheat~Striate " Mosaic Virus

Bacterium

tions. Sexual spores (produced, usually in lower numbers, by
sexual fusion). are thick walled and serve as primary overwin-
tering propagules. These sexual spores often provide the pri-
mary inoculum for the initial infection of the host. Spores of
both types are spread by air, water, animals, and machinery.
Fungi also survive by forming resting bodies: chlamydospores,
sclerotia, or oospores (Fig. 4C). These survival propagules can
persist in the soil for many years. The filamentous threads
characteristic of fungi are called hyphae or mycelia (Fig. 4D).
Bacteria. Bacteria are one-celled, prokaryotic organisms
(Fig. 5). They are characterized by a single chromosome, lack
mitochondria or endoplasmic reticulum, and have no organized
nucleus. They obtain food by saprophytic means from decaying
plant and animal material or by parasitic means from living
plants. Some bacteria are cocci (spheres), some are rods, and
others are comma shaped to spiral. Some have flagella for
motility. Most plant-parasitic prokaryotes have rigid, distinct

Fungus ';\‘
(mycetium) - |

Nucleus

Fig. 3. Shapes and sizes of certain plant pathogens in relation to the size of the plant cell. (Reprinted, by permission, from G. N. Agrios,

1988, Plant Pathology, 3rd ed., Academic Press, San Diego, CA)
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cell walls. However, phytoplasmas (Fig. 6), a group of extreme-
ly minute prokaryotes that cause plant diseases, do not have
distinct cell walls and are pleomorphic. .

Bacteria are spread by water, insects, machinery, and hu-
mans. Some cause local infections, and some travel throughout
the plant via the vascular system, causing systemic infections..
Through the activity of enzymes and/or toxins, bacteria kill
plant cells and use their contents for food. Bacteria survive in
the soil, on plant debris, and on plant hosts.

Nematodes. Nematodes are unsegmented roundworms,
sometimes referred to as eelworms (Fig. 7). They are found in
soils, in fresh and salt waters, and on plants and animals. The
vast majority of nematode species are nonparasitic.

Most plant-parasitic nematodes are slender and vary in
length from a few tenths of a millimeter to 2 mm. Usually
males and females of the same species are alike in shape,
appearance, and size. Sometimes males are slightly smaller. A

_
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Fig. 4. Representative structures of four fungal pathogens of pea-
nut. A, Spores of Fusarium spp.; B, spores of Leptosphaeruiina
crassiasca; C, resting bodies of Pythium spp.; and D, hyphae of
Rhizoctonia solani. (Courtesy R. Taber)

Fig. 5. Cells of the pathogenic bacterium Pseudomonas solana-
cearum (20,000x). (Courtesy R. Gitaitis)

distinguishing characteristic of plant-parasitic nematodes is the
presence in the anterior (head) region of the body of a stylet, a
needlelike organ that the nematode inserts into plant cells.
Through it, the nematode injects enzymes that aid in cell diges-
tion, resulting in injury to the plant.

Fig. 6. Phytoplasmas (mycoplasmalike organisms) in phloem.
(Courtesy D. Errampalli and J. Fletcher)

25 50p

Fig. 7. The sting nematode, Belonolaimus longicaudatus. A, Fe-
male head; B, female anterior region; C, male head; D and E,
female tails, with intestine extending into caudal cavity, serpen-
tine lateral canals, and (in D) annulation of phasmid region and
terminus; F, male cloacal region, with spicules extended; and G,
male tail. (Reprinted, by permission, from C.I.H. Descriptions of
Plant-Parasitic Nematodes, Commonwealth Institute of Para-
sitology; © 1986 C.A.B. International)
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Some plant-parasitic nematodes (ectoparasites) feed on the
epidermal and cortical cells of roots and never actually enter
the roots. Others (endoparasites) penetrate the root tissue and
either become sedentary for the rest of their life cycle or mi-
grate after a period of feeding. Sedentary endoparasites, such
as root-knot nematodes, show pronounced sexual dimorphism.
The females, once they have become established in the plant
tissue, lose their slender form and become lemon shaped, pear

Fig. 8. Peanut stunt virus particles. (Courtesy S. Tolin)

shaped, or spherical; the adult male remains slender and worm-
like.

Viruses. Viruses are obligate parasites. They are submicro-
scopic entities (Fig. 8) not differentiated into cells but com-
posed of a nucleic acid center surrounded by a protein coat.
These particles replicate only in a living host plant or in insect
vectors. They are transmitted by insects, nematodes, fungi,
dodder, and mechanical means; some are transmitted by seed.

Viruses may survive from one growing season to the next in
weed hosts, volunteer plants, insect vectors, or seed of the
primary host.

Phytoplasmas. A phytoplasma is a prokaryote that lacks a
firm outer wall. These organisms commonly occur in conduct-
ing tissue such as phloem. Common symptoms of phytoplasma
infection include yellowing, internode shortening, phyllody,
proliferation of axillary shoots, sterility, virescence, and reduc-
tion in root growth. Phytoplasmas can be spread by insects and
seed. .

Abiotic Agents
Diseases caused by abiotic agents occur wherever peanuts
are grown. Pathogens are not associated with these diseases,

‘which are noninfectious. Abiotic diseases interfere with the

normal physiological processes of the plant, including those
associated with the leaflets, branches, roots, pods, and seed.
These diseases may be caused by an excess or lack of a certain
substance, e.g., soil moisture (too liftle moisture results in
drought stress; too much moisture results in drowning). Abiotic
diseases of the peanut can also be caused by factors such as
nutritional imbalance, soil pH, pesticides (too much may cause
burn), air pollutants, radiation, and frost.

(Prepared by D. M. Porter)



Part |. Biotic Diseases

Diseases Caused by Fungi

Alternaria Leaf Spot

Foliar diseases of peanut caused by Alternaria arachidis
Kulk. and A. alternata (Fr.:Fr.) Keissl. have been reported in
India. Symptoms of Alternaria leaf spot include orange brown
lesions in interveinal areas of leaves. These lesions often extend
to veins and veinlets (Plate 1).

Selected Reference

Balasubramanian, R. '1979. A new type of alternariosis in Arachis
hypogaea L. Curr. Sci. 48:76-77.

(Prepared by D. H. Smith)

Anthracnose

Anthracnose has been reported on peanut in Argentina, India,
Senegal, Taiwan, Tanzania, Uganda, and the United States.
Although anthracnose has been observed in peanut-production
areas of various countries, it is a disease of minor importance.

Symptoms

Brownish gray lesions, marginal to elongate;-forin-on both
leaf surfaces and infrequently on petioles and stems of peanut
plants infected with Colletotrichum mangenoti.

Small (1-3 mm in diameter), water-soaked, yellow spots
appear on plants infected with C.-dematium. Older spots are
dark brown. Spots sometimes enlarge rapidly, become irregu-
lar, and cover the entire leaf. Petioles are frequently colonized
by C. dematium, and plants may be killed.

Causal Organisms

C. mangenoti Chevaugeon, C. arachidis Sawada, and C.
dematium (Pers.) Grove are pathogens of Arachis spp. C.
dematium produces circular, erumpent, brown to black acer-
vuli, 75135 pum in diameter. Setae are black with two to seven
septa and 78-146 pum long. Conidiophores (21-28 x 2—4 um)
are hyaline, simple, and erect. Conidia (19-30 x 2.5-4.0 um),
which are produced in pink or creamy masses, are unicellular,
hyaline, falcate, and bluntly tapered.

C. arachidis has black, epiphyllous, sparsely scattered acer-
vuli arising from pseudoparenchymatic, dark brown stromata.
Conidiophores (13-15 x 4.5 pm) are cylindrical, unicellular,
short, and hyaline. Setae are few and black. Conidia (10-15 x
4.5-6 um) are elliptic, rounded at the apex, rounded or obtuse
at the base, hyaline, and unicellular.

C. mangenoti has acervuli that are flattened, lenticular, or
elliptic; rose to black; 67-160 um in diameter; and subepi-
dermal, becoming erumpent. Setae are rigid, erect to subflexu-

ous, continuous or septate, none to numerous, attenuate,
brown, and 62-215 um long. Conidiophores (13.0 x 3.75 pm)
are hyaline, cylindrical, granulose or guttulate, and continuous,
and both ends are rounded.

Selected Reference

Jackson, C. R, and Bell, D. K. 1969. Diseases of peanut (groundnut)
caused by fungi. Ga. Agric. Exp. Stn. Res. Bull. 56.

. (Prepared by D. H. Smith)

Aspergillus Crown Rot

Aspergillus crown rot of peanut was first reported from
Sumatra in 1926. The pathogen had been reported in 1920 to
cause pod and seed discoloration of peanut. Aspergillus crown
rot is now an important disease that is probably established in
all major peanut-growing areas of the world.

Stand losses caused by the crown rot fungus are variable and
difficult to assess. Stand losses in individual fields may be as
high as 50% but usually vary from trace levels to 1%.

Symptoms _
Seedlings-and young plants -are very-susceptible- to infection-
(Fig. 9). Infection of young plants usually results in high

Fig. 9. Crown rot of peanut seedlings caused by Aspergillus ni-
ger. Arrows indicate fruiting structures. (Courtesy K. Garren)
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mortality rates (Plate 2). As plants mature, they become less
susceptible, and the mortality rate declines. In some years,
plants may be killed by the fungus throughout the growing sea-
son. Seed rot and preemergence damping-off are common
phases of the disease, but the most obvious symptom is sudden
wilting of young plants. A dark brown discoloration of the
vascular tissues is evident in the crowns and roots of wilted
plants. The hypocotyls of infected plants also may be swollen.
Infection of seedlings commonly occurs in the cotyledons or
hypocotyls shortly after germination. Disease progresses rapid-
ly, and infected plants often die within 30 days after planting.
Others may survive longer periods, and death of individual
limbs or entire plants may occur later in the season. Decayed
roots and hypocotyls are often covered with black masses of
mycelia, conidiophores, and conidia (Plates 3 and 4). On
spanish cultivars, a major symptom of Aspergillus crown rot of
older plants is the dead central stem, which is often broken at
the soil line.

Causal Organism

Aspergillus niger Tiegh., the causal organism, is ubiquitous
in field soils throughout the world. Sometimes A. pulverulentus
(McAlpine) Thom, a probable mutant of A. niger, is also iso-
lated from diseased plants. Colonies of A. niger grow well at
25°C on a variety of media, producing abundant large, black,
conidial heads that reach 700-800 pm in diameter. Conidio-
phores are variable, measuring 1.5-3.0 mm x 15-20 um. Co-
nidia, globose at maturity, are 4.0-5.0 um in diameter. Sclero-
tia may be produced by some strains.

Epidemiology

A. niger is widely distributed in soils throughout the world.
Growth and sporulation of the fungus are usually favored by
warm, moist conditions. Fewer propagules are found in very
wet soils than in dry soils. Soil type has not been correlated
consistently with prevalence of crown rot, but the disease often
is more prevalent in soils low in organic matter.

A. niger is seedborne. The infestation levels of certain seed
lots often exceed 90%. Seedlings from such seed usually pro-
duce a high percentage of infected plants. However, soilbormne
inoculum may serve as the primary inoculum. Also, A. niger is
more prevalent in fields continually cropped to peanut than in
fields planted to nonhost crops. Outbreaks of Aspergillus
crown rot are sporadic. Predisposition appears to be a major
factor in the development of the disease. Drought stress and
high temperatures early in the season are associated with
crown rot outbreaks. Other adverse conditions such as extreme
fluctuations in soil moisture and temperature, poor seed qual-
ity, seedling damage from pesticides, insect feeding on roots
and crowns, and factors that delay seedling-emergence are
associated with disease.

Control ‘

All commonly grown cultivars are susceptible to the crown
rot fungus. Cultivars that fruit in a bunch pattern usually are
more susceptible than runner types. Resistance to A. niger has
been reported, but it has not been incorporated into agronom-
ically acceptable cultivars. Fungicide seed protectants may
provide some control when used where conditions and prac-
tices favor rapid germination and seedling emergence.
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Black Hull

Black hull is an extensive, often cosmetic, black discolor-
ation of peanut shells and pegs that was first observed in the
United States in 1960 on New Mexico valencia peanuts (A.
fastigiata var. fastigiata). New Mexico peanut producers have
been disproportionately affected by black hull because this
state is the major United States producer of peanuts grown for
in-shell marketing. Black hull can affect all commercial peanut
cultivars but is of economic significance during severe epi-
demics or on peanuts marketed in-shell. The disease was first
reported from Italy in 1949 and has been reported from Argen-
tina, the United States, and most recently (during the 1980s)
from South Africa, where severe outbreaks have occurred.

Symptoms

Symptoms and signs of this disease are most commonly
found on the external parts of the peanut shell as small, dis-
crete, black spots that often coalesce into large, dark lesions
covering almost the whole pod (Fig. 10 and Plate 5). Dark
lesions also may be found on the pegs and roots under severe
disease pressure, causing significant yield losses in quantity-as
well as quality. The dark lesions are formed by the production
of dark chlamydospores on and in host tissue. The seed coat
and seed may also become infected and discolored, leading to
seed transmission of the disease.

Causal Organism _
The fungus that causes black hull produces two spore types:
dark-walled chlamydospores and hyaline or subhyaline to pale

Fig. 10. Symptoms of black hull, caused by Chalara elegans, on
valencia peanut pods. (Courtesy D. H. Smith) '




brown mitospores (enteroblastic phialospores) (Fig. 11). The
classification of this fungus and the nomenclature of the two
spore stages has been confused since 1910 and remains con-
fused today. The fungus was originally described as Torula
basicola Berk. & Br. in 1850 from Pisum and Nemophila spp.,
entirely on the basis of the chlamydospores. In 1910, the
fungus was transferred to Thielaviopsis basicola (Berk. &
Broome) Ferraris, but this transfer was applicable only to the
chlamydospore stage. The mitospore stage remained effec-
tively unnamed until 1975, when both the chlamydospore and
mitospore stages were named Chalara elegans Nag Raj &
Kendrick. The subsequent usage and confusion over the status
of these names has led to these stages being erroneously
referred to as synanamorphs and the names used as synonyms.
Literature on this fungus and the black hull disease is found
under both names. However, the only name available for both
the mitospore (phialospore) and chlamydospore stages is Cha-

lara elegans Nag Raj & Kendrick. Confusion also has occurred .

in phytopathological literature because of the common occur-
rence of the ascomycete Thielavia basicola Zopf with C.
elegans. Early literature reported that these fungi were genet-
ically related, and this misconception has persisted into more

recent literature. Thielavia basicola is not related to Thiela--

viopsis basicola or to C. elegans. ‘

C. elegans has distinct sporogenous cells that are borne on
simple, erect phialophores, which are cylindrical to sub-
cylindrical, three- to five-septate (occasionally aseptate), sub-
hyaline to pale brown, and 70-95 pm long. The sporogenous
cells are swollen at the base with a characteristic cylindrical
barrel (collarette). The sporogenous cell is 55-80 pm long, the

Fig. 11. Chalara elegans. A, Endoconidial cells and emerging
endoconidia; B, chlamydospores; and C, chlamydospores break-
ing into segments. (After W. W. Gilbert. Reprinted from Compen-
dium of Alfalfa Diseases, The American Phytopathological So-
ciety, 1979) .

base is 2040 x 6-9.5 um, and the collarette is 25-40 x 3.5-5
pm. The mitospores are enteroblastic phialospores: the first
spore is holoblastic, and the following spores are delimited in a
retrogressive fashion inside the original wall of the sporog-
enous cell, leaving a collarette at a fixed sporogenous locus.
The mitospores are extruded in chains and are cylindrical to
barrellike with truncate or obtuse ends; aseptate; and hyaline,
subhyaline, or pale brown (Fig. 11). The chlamydospores are
thallic (usually thallic-endoarthritic), intercalary or character-
istically terminal, usually in chains of five to seven, and often
in rosettes of three or more chains in culture. The terminal
chlamydospore is rounded, and the rest are short cylindrical,
unicellular, dark brown or amber, and 6.5-14 x 9-13 um.
Chlamydospore chains are 24-55 pm long (Fig. 12). New
Mexico isolates of C. elegans grow optimally at temperatures
of 15.5-19°C and at pH 6.8-7.6.

Disease Cycle

Black hull severity varies from year to year because of cli-
matic variability and changing crop-management practices. C.
elegans persists indefinitely as chlamydospores in host residue
and soil and as a competitive saprophyte growing on soil or-
ganic matter. The black hull fungus does not have a known
meiotic spore stage (perfect state) and passes through a simple
life cycle and only slightly more complex disease cycle. The
chlamydospores are the overwintering structures, which ger-
minate to initiate primary infections. The chlamydospore germ
tubes. infect the peanut directly or indirectly through phialo-
spores, which can be produced rapidly on susceptible tissue
and therefore likely act as important sources of secondary
inoculum. The fungus penetrates by means of an infection peg
formed under a small aggregation of hyphae, although appres-
soria have also been observed. The infection peg enlarges into
a cylindrical structure, which gives rise to short, budlike cells
from which the fungus colonizes the host tissue in an inter- and
intracellular fashion. Chlamydospore and phialospore produc-
tion can occur within 72 hr after infection. It is the abundance
of the dark-walled chlamydospores on the surface and within
the intercellular spaces of the sclerenchymatous mesocarp that
gives the black hull disease its name. , :

Initial inoculum arises from infected hulls and other plant parts
left in the field from previous seasons. Factors increasing black
hull severity include high soil pH, low temperatures late in the
season,-overly moist conditions arising from excessive irrigation
or rainfall, high-density plantings, the monoculture of peanut,

and rotation to peanuts after cotton or sweet potatoes.

Fig. 12. Chlamydospores of Chalara elegans. (Courtesy D. Hsi)
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Control

No commercial resistance to black hull is currently available.
The disease has decreased in incidence and severity in New
Mexico during the past few years because of improved rotation
and irrigation practices instigated to control web blotch, another
disease favored by cool, moist conditions. Recommendations for
contro} include rotation from peanuts to small grains in 3- to 4-
year cycles, use of clean seed, and wider row spacing. The
fungicides benomyl and thiophanate-methyl have been shown to
reduce black hull incidence. Moving peanut production to new
land is no more effective than a good rotation schedule.
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Botrytis Blight

Botrytis blight has been reported in most of the peanut-
producing countries of the world. However, damage is usually
slight, since environmental conditions conducive to disease de-
velopment usually are not present during the growing season.
Reports of disease occurrence serious enough-to-greatly-reduce-
yields are rare.

Symptoms

All parts of the peanut plant, above and under the ground,
are subject to attack by this-soilborne-fungus:-Plants-injured b¥:
frost or with reduced vigor from attacks by other pathogens are
especially prone to infection, which usually begins on aerial
plant parts. Branch tips and branches in contact with the soil
surface are especially susceptible.

Peanut leaflets are sometimes infected without any evidence
of disease on other plant parts. Infection is characterized by the
formation of one to numerous distinct leaf spots on adaxial
leaflet surfaces (Plate 6). Leaf spot size may exceed 10 mm in
diameter. Conidiophores and conidia are produced sparingly on
both adaxial and abaxial leaflet surfaces (Plate 7). A Glio-
cladium species has been constantly associated with the leaf
spot fungus and parasitizes conidia, conidiophores (Plate 8),
and sclerotia of Botrytis. .

Under favorable environmental conditions, the causal organ-
ism colonizes plant parts rapidly, causing wilt and death of
individual limbs or entire plants (Fig. 13 and Plate 9). The
fungus moves rapidly from aerial plant parts into underground
parts. Botrytis blight is characterized by the profuse production
of conidia (Plates 10 and 11) and sclerotia (Fig. 14) on infected
plant parts.

Causal Organism

Botrytis cinerea Pers.:Fr. bears conidia on the tips of erect
conidiophores that cover the surface of the host substrate (Fig. 15
and Plate 10). Conidia (9-12 x 6.5-10 um) are ellipsoid to ovoid
and one celled with almost hyaline walls. Conidiophores are
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Fig. 13. Botrytis blight on pegs, pods, and stems. (Courtesy K.
Garren)

Fig. 14. Sclerotia of Botrytis cinerea on pods and a stem. (Cour-
tesy K. Garren)

usually unbranched, septate, and 11-23 um thick. Projections
form at the tips, and from these, conidia are formed so
abundantly that the infected plant parts become dustlike and gray
(Plate 11). Conidia are disseminated readily by air currents.
Sclerotia (1-5 mm long) are hard, black, and irregularly shaped
(Figs. 14 and 16). They are rounded on the upper surface and flat
or concavely depressed on the underside when attached to in-
fected substrate (Fig. 14). The ascomycetous stage of B. cinerea,
Botryotinia fuckeliana (de Bary) Whetzel, is rarely observed.

Disease Cycle

Temperatures below 20°C accompanied by heavy dews or
excessive rainfall are prerequisites for infection by B. cinerea.
Senescing, frost-imjured, and mechanically injured plant parts
also are prone to colonization. Organic debris, such as defo-
liated leaflets and abscised flower parts, on the surface of the
soil serves as a food base and aids in the infection process. B.
cinerea overwinters in the sclerotial form in the soil. Although
apothecia have been reported, the primary inoculum source



Fig. 15. Conidia of Botrytis cinerea. Left and center, conidia on'conidiophofes. (Reprinted from Compendium of Potato Diseases, The

American Phytopathological Society, 1981)

Fig. 16. Culture of Botrytis cinerea on potato-dextrose agar show-
ing sclerotia.

appears to be mycelium originating from germinating sclerotia or
omnipresent conidia. Conidia are dispersed by wind and rain.

Control

Foliar sprays with fungicides such as benomyl and chloro-
thalonil offer some protection against B. cinerea. The use of
early-maturing peanut cultivars might lessen frost damage and
thereby reduce disease severity.
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Charcoal Rot

Charcoal rot, caused by the common soilborne fungus Macro-
phomina phaseolina, is widely distributed in most peanut-
producing countries. The fungus is distributed throughout the
world and causes diseases in a wide range of crops. In peanut,
it is responsible for seed and seedling rots, wilt, root and stem
rots, leaf spot, rotting of developing pods and seed, and con-
cealed damage. The term “charcoal rot” is used to describe the
damage done to roots and stems of seedlings and older plants.
Charcoal rot is of only minor importance in the United States,
although occasionally it can greatly reduce plant stands. In
India, it is the most common disease of peanut seedlings.

Symptoms ‘

The occurrence of water-soaked lesions on the hypocotyl
pear the soil surface is a characteristic sign of this disease.
After the hypocotyl is girdled, the seedling dies. Similar symp-
toms are observed on older plants at the soil line, although all
plant parts at all stages of growth are susceptible. Stem and
root lesions appear water soaked at first, but infected tissues
later become a dull light brown (Plates 12 and 13). The infec-
tion extends down into the taproot and up into the stem and
branches (Plate 14). When lesions girdle the stem, the plant
wilts, and the fungus rapidly colonizes the branches, which
turn brown and die. The dead tissues rot and turn black as
sclerotia of the fungus develop profusely. Roots, pegs, and
pods also rot and become covered with sclerotia. In some
cases, the disease is at first restricted mainly to the roots,
which become rotted and blackened and the taproot shreds.
The foliage of such plants turns yellow and wilts, and the
typical symptoms of stem blight and charcoal rot appear.

Causal Organism

M. phaseolina (Tassi) Goidanich, the pycnidial state of Rhi-
zoctonia bataticola (Taubenhaus) E. J. Butler or Sclerotium
bataticola Taubenhaus, was derived from Macrophoma phas-
eolina by Tassi in 1901. The sterile. mycelial phase of M.
phaseolina was first named S. bataticola by Taubenhaus but
was later transferred to the genus Rhizoctonia.

Pycnidia of M. phaseolina (100-200 pm in diameter) are
membranous to subcarbonaceous, first immersed and then at
least partially erumpent, and globose or flattened globose with
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inconspicuous truncate ostioles. Their walls are composed of
several layers of dark, thin-walled, angular cells, 9 pm in
diameter, and are lined with a hyaline layer two or three cells
thick bearing simple, rod-shaped conidiophores, 10-15 um
long. Conidia (14-33 x 612 um) are single celled, hyaline,
and elliptic or oval. ,

Disease Cycle

Charcoal rot is both seedborne and soilborne. Mycelium in
seed and mycelium and sclerotia in plant debris in the soil are
the primary sources of inoculum (Fig. 17). The sclerotia can
remain viable in dry soil for many years but rapidly lose via-
bility in very wet soils.

M. phaseolina is commonly present in peanut seed and
pods and can readily be disseminated by their movement.
High soil temperatures (about 35°C) and low soil osmotic
potential reduce plant vigor and favor growth of the fungus
and development of charcoal rot. Fungal growth in pods is
increased by rain after harvest. Damage during harvesting
and shelling predisposes pods and kernels to injury from this
pathogen.

Control ‘

Crop rotation is generally ineffective in reducing soil inocu-
lum because the fungus can grow saprophytically and has a
wide host range. However, rotation of peanut with rice for 2-3
years may reduce the soilbome inoculum of M. phaseolina.
Crop sanitation (e.g., burning crop residues) may help reduce
disease levels. Providing adequate fertilizer and soil water to
ensure good crop growth should reduce charcoal rot develop-
ment. Frequent irrigation to keep the soil wet reduces the via-
bility of sclerotia.

Seed treatment with fungicides such as captan and thiram
can reduce seedborne infection and provide the germinating
seed some protection from invasion by the fungus from soil-
borne inoculum. Soil drenching with pentachloronitrobenzene
(PCNB) can give some control of the disease. No immune or
highly resistant peanut genotypes.are available.
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Choanephora Leaf Spot

Choanephora sp. has been observed on peanut leaves in the
Philippines, Thailand, Senegal, and Uganda. Brown lesions
originate at the leaflet margin and spread over the entire leaflet.
Abundant sporulation occurs on both leaflet surfaces and down
the petioles. Defoliation of infected leaflets may occur.
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Cylindrocladium Black Rot

Cylindrocladium black rot (CBR) of peanut was first ob-
served in Georgia in 1965. Soon thereafter, CBR was recog-

Fig. 17. Sclerctial development of Macrophomina phaseolina. A, Proliferation of a single hypha; B, aggregation of several vhyphae; and
C, mature sclerotium. (Reprinted, by permission, from Jackson and Bell, 1969)
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nized in other peanut-producing areas of the United States and
in Japan, India, and Australia. The disease has been a cause of
major concern, particularly in Virginia and North Carolina
because of its widespread occurrence and chronic threat to
peanut production in these states. In other parts of the United
States, outbreaks of CBR have remained static, and yield losses
are generally secondary in importance to those caused by other
soilborne diseases.

Symptoms

The first visible symptoms of CBR are chlorosis and wilting
of leaves on the erect, primary stem of a plant. Entire plants
may wilt and die at an alarming rate when prolonged periods of
high soil moisture are followed by a period of moisture stress.
In the absence of ideal conditions for disease development,
plants may develop only a chlorotic, stunted appearance. When
CBR is seen for the first time in a field, the diseased plants are

usually observed in one or more localized spots (Plate 15)..
Aboveground symptoms commonly include chlorosis, wilt,

stunted growth, and death.

All below-ground plant parts may develop symptoms of
CBR. Hypocotyls, primary and secondary roots, and pods be-
come black and necrotic (Plate 16). The taproot is often
necrotic and severely decayed in plants with aboveground
symptoms.

A diagnostic sign of CBR is the occurrence of small, reddish
orange perithecia of the pathogen in dense clusters on stems
(Plate 17), pegs, and occasionally pods. These fruiting bodies
develop on tissues just above and below the soil surface during
periods of wet, humid weather. If perithecia are not found on
diseased plants, tissue samples must be assayed in a laboratory
to positively identify the disease as CBR. These structures are
sometimes confused in the field with the somewhat smaller,
rounder perithecia of Neocosmospora sp., a common sapro-
phyte that colonizes dead plant parts that are in contact with
soil.

Causal Organism

Numerous publications since 1966 have referred to the
causal organism as Cylindrocladium crotalariae (C. A. Loos)
D. K. Bell & Sobers (teleomorph Calonectria crotalariae (C.
A Loos) D. K. Bell & Sobers). Recently, the name was
changed to Cylindrocladium parasiticum Crous, Wingfield, &
Alfenas (teleomorph Calonectria ilicicola Boedijin & Reits-
ma). The fungus grows well on potato-dextrose agar, producing
light yellow to white weblike aerial mycelium and a burnt
orange to dark brown submerged growth. Conidiophores are
bomne laterally on a main axis or stipe that terminates in a hya-
line, globose swelling (vesicle) measuring 6-13 pm in diam-
eter (Fig. 18). Conidiophores develop reniform or sometimes

Fig. 18. A, Conidiophore, B, immature stipe, C, vesicles, and D, conidia of Cylin&rocladium parasiticum; E, asci and ascospores and F,
ascospores of Calonectria ilicicola. (Reprinted from Bell and Sobers, 1966)
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doliform phialides on tertiary branches. Conidia (58-107 x
4.8-7.1 pm) arise by budding from the apexes of phialides and
are hyaline, cylindrical, and rounded at both ends and most
often have three septa.

Perithecia (Fig. 19) (320465 x 290-370 pm) form on host

tissues and in axenic cultures incubated under lights and are

subglobose to oval or obovate and orange to red. Asci are hya-
line and contain eight fusoid to falcate, mostly one-septate
.ascospores (34-58 x 6.3-7.8 um).

Microsclerotia of C. parasiticum are readily visible in cor-
tical tissues and Rhizobium nodules of infected peanut roots
with the use of histochemical clearing agents (Fig. 20).
These propagules are burnt orange to dark brown and are
composed of a dense cluster of cells that resemble chlamyd-
ospores. Microsclerotia develop abundantly in axenic cul-
tures of C. parasiticum on media with high carbon-nitrogen
ratios.

Disease Cycle

Microsclerotia of C. parasiticum are responsible for over-
wintering and long-term survival of the fungus in soil. Micro-
sclerotia in crop debris expelled from peanut combines may be
carried long distances by prevailing winds (Fig. 21). As in-
fected tissues decompose, microsclerotia are released into the
soil and disseminated by tillage equipment. Of the crops com-
monly grown in rotation with peanut (i.e., soybean, tobacco,
cotton, corn, and small grains), only soybean serves as a host
of C. parasiticum and thereby can further increase populations
of microsclerotia in field soil. Soil temperatures have a pro-
found influence on survival of microsclerotia. Cold winters
that freeze soil water in the plow layer and sustained periods of
cold at or below 5°C can result in a marked reductions in popu-
lations of viable microsclerotia in infested fields.

Field studies have shown that microsclerotia of C. parasiticum
occur in clumps or clusters in the field rather than in a random or
uniform - distribution. Studies relating inoculum density and
disease incidence have demonstrated that the number of observed
infections on roots ‘and the level of symptom expression by
plants are directly proportional to microsclerotial densities in
soil. Soil temperatures of 20-25°C and moisture levels near field
capacity are most conducive to infection and rot of peanut roots
by C. parasiticum. Root infection is suppressed markedly at low
soil moisture levels and soil temperatures of 30°C and above.

The primary infection court for C. parasiticum on peanut is
believed to be near the root tips. Root exudates in this region
probably trigger microsclerotial germination and subsequent
infection processes. After germination, intercellular penetration
of the cortex occurs within 12-24 hr and penetration of the root
stele may occur within 48 hr. As necrosis develops in infected
roots, hyphae of the fungus begin to produce microsclerotia.
Perithecia of C. parasiticum may develop on the surfaces of
diseased roots and basal stems near the soil surface during
moist periods. Ascospores are forcibly discharged into the air
when perithecia first mature. In the final phase of development,
ascospores exude in a viscous ooze from the ostiole, which
may facilitate dispersal by rain or possibly insects. Because of
the late-season development of ascospores and the rapid loss of
viability with desiccation, their epidemiological importance is
believed to be of minor significance.

Although C. parasiticum is easily isolated from freshly dug
peanut seed, the frequency of its detection in commercially
harvested seed is usually quite low. The viability of the fungus
in seed is reduced by curing and storage practices and by fun-
gicide seed treatments. The risk for seedborne spread of CBR
has been difficult to measure quantitatively but should not be
discounted as a factor in pathogen dispersal-

Fig. 19. Perithecium of Calonectria ilicicola containing asci and
ascospores. (Courtesy R. Rowe)
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Fig. 20. Microsclerotium of Cylindrocladium parasiticum in the

cortex of a peanut root. (Courtesy R. Rowe)



Control

The development and release of disease-resistant cultivars of
peanut continue to make a significant contribution to CBR
management. In general, spanish cultivars are most resistant to
CBR, valencia cultivars are the most susceptible, and virginia
cultivars are moderately susceptible. Although CBR-resistant
lines of each type have been described and released, only one
commercial cultivar (NC 10C) of the virginia type offers par-
tial resistance at this time. Carefuily planned crop rotation and
cultural practices are necessary in deploying a CBR-resistant
cultivar. The severity of CBR increases when roots are para-
sitized by the northern root-knot nematode (Meloidogyne hap-
la) and the ring nematode (Criconemella ornata). An increase

in the severity of CBR on peanut may also result from root

injury caused by certain preplant herbicides. Soils relatively
high in organic matter and with a greater capacity for moisture
retention generally favor disease development. Low soil tem-
peratures and high levels of soil moisture early in the growing
season are most conducive to CBR. Warm soil and low soil
moisture are generally unfavorable for root infection.

Because of cooler soil conditions and the probability for
higher levels of soil moisture, peanuts planted early are more
vulnerable to CBR damage than those planted late. Crop rota-
tion with nonhosts such as corn, small grains, cotton, or tobac-
co may help reduce the incidence of CBR, whereas rotations
with leguminous crops such as soybean can result in increased
populations of C. parasiticum in the soil. Tillage practices that
maximize exposure of microsclerotia to winter temperatures
may reduce populations significantly. Such practices include
removal and destruction of peanut haulm (hay), omission of a
winter cover crop, and no soil tillage until spring. Movement
of the pathogen from field to field can be minimized by clean-
ing field implements and combines to remove adhering soil
and plant debris.

An early spring application of metham sodium at 36 kg/ha
(Vapam, 10 gallons per acre) is widely used for CBR control in
heavily infested fields in Virginia and North Carolina. The
fumigant is applied through chisel shanks under each row (8-
10 in. deep) at least 2 weeks prior to planting and when soil
temperatures are at or above 15°C. At the time of application,
rows are bedded to facilitate the alignment of planters over
sites of fumigant placement. Control is achieved by killing the
fungus in the zone of taproot growth. Lateral roots outside the
zone of fumigant activity may become infected, but-disease

Fig. 21. Microsclerotia (arrows) in windblown debris from a com-
bine. (Courtesy R. Rowe)

progress from these points of infection generally fails to result
in plant destruction or significant loss of yield.
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Delimited Shell Spot

Delimited shell spot (DSS), a blemish of peanut pods, is
limited to the Mediterranean region. Affected peanut crops are
frequent in poorly aerated soils. Spots are abundant when a
legume is included in the crop rotation. DSS greatly reduces the
quality of the pods. Also, various fungi frequently invade the pod
cavity through the necrotic lesions and cause seed decay.

Symptoms )

A spot originating as a transitory and inconspicuous tiny
depression occurs in or on the surface of the fleshy, lignifying
pod shell. A typical spot (approximately 5 mm in diameter)
develops as lignification proceeds. The spot becomes necrotic,
dry, and light beige to pale grayish beige and is delineated from
the unspotted areas of the shell by a distinct, dark tan margin.
Cells below the spot are rich in starch granules and are thin
walled, whereas in unaffected cells, starch granules gradually
disappear and the cell walls thicken. Spots frequently are
aggregated in clusters (Plate 18). Secondary invaders often
alter spot appearance: it may darken in the center, become
necrotic; or expand concentrically (Plate 19 and Fig. 22).

Fig. 22. Pods with delimited shell spots.
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Causal Agents

The etiology of DSS is, for the most part, uncertain. That the
causal agent, or group of agents, is biotic can be demonstrated
by control with physical and chemical, broad-spectrum soil
treatments. Nematodes are not involved in the DSS complex.
Inoculation of peanut plants with microorganisms that were
isolated from plants with DSS symptoms (at different develop-
mental phases of pods and lesions) did not cause DSS. Statis-
tical analysis of spot distribution on individual pods proved
that the causal factor does not attack the shell randomly. More-
over, the clustering of spots is reminiscent of an arthropod
feeding around its first probe. Indeed, when various selective
biocides were applied to soils with a history of DSS, several
insecticides and acaricides reduced spot numbers significantly.

Small populations of Rhizoglyphus mites were consistently
associated with DSS. However, infestation of pods with labo-
ratory-grown gnotobiotic populations of Rhizoglyphus sp. did not
induce DSS development. The following is hypothesized: 1) in
nature, Rhizoglyphus sp., or another microarthropod, may serve
as a vector for a submicroscopic parasite of endemic legumes
that causes local lesions to the pod shell of the Arachis plant; 2)
in cryptoaerobic microsites that prevail at pod-to-soil interfaces
in poorly aerated soil, even tihy wounds do not heal immediately,

and each spot expands until arrested by the surrounding tissue;

therefore, the number of spots increases with time.

Control

To reduce the risk of DSS development, poorly aerated soils
should be avoided and crop rotation should exclude legu-
minous crops or weeds. Winter cereals cut green (for fodder)
preceding peanuts reduce DSS abundance significantly. Deep
plowing improves soil aeration and further reduces DSS.

Mechanized formalin applications to the seedbed (3,000 liters-

per hectare of a 37% formaldehyde solution) were found to be
cost effective and reduced DSS. Experimentally, seedbed solar-
ization of metham-treated soil was highly effective in reducing
DSS, but it is not cost effective. Nevertheless, .in severely af-
fected sites, all these measures do not eliminate DSS unless
they are used in combination-with-resistant-genotypes: These
genotypes combine shallow fruiting (thus partially escaping
cryptoacrobic conditions) with a hardy pod shell and bear few
spots. Unfortunately, yield of these genotypes is low, but they
have potential as sources of resistance in breeding programs.
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Diplodia Collar Rot

Diplodia collar rot usually occurs sporadically throughout
the world, rarely causing economically important losses. In 1993,
however, collar rot was severe on several farms in Virginia (Plate
20). Diseased areas often exceeded one acre in size. In such
areas, almost all plants exhibited typical collar rot symptoms.
Yield reductions caused by collar rot usually are less than 1%,
but reductions of 25% or more have been reported. In Virginia in
1993, yield losses in severely diseased fields exceeded 75%.

Symptoms

The causal agent, a common soilborne saprophyte, is usually
associated with the peanut plant only as a wound parasite or as
a secondary pathogen. Peanut seedlings and older plants,
including pods, are subject to attack (Plate 21). Wilting of a
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lateral branch or the entire plant is usually the first symptom of

" disease in older plants. Wilt develops rapidly, and the plant

usually dies within a few days. Lesions that develop on above-
ground stems are characterized by elongated necrotic areas
with light brown centers and dark brown margins. Infected
roots become slate gray to black and shred easily. Pycnidia
embedded in the infected host tissue resemble small, erumpent,
black dots (Plate 22). The fungus also causes concealed dam-
age of peanut seed that is not visible on the external surface.
Originally, the term “concealed damage” was restricted to
damage caused by quiescent, natural, pod mycoflora. However,
it now encompasses mechanical damage, damage associated
with calcium and boron deficiencies, and damage caused by

'some pathogenic fungi such as Diplodia gossypina.

Causal Organism

Although Lasiodiplodia theobromae (Pat.) Griffon & Maubl.
and Botryodiplodia theobromae Pat. have been associated with
peanuts exhibiting symptoms of collar rot, Diplodia gossypinad
(Cooke) probably is the causal agent of collar rot of peanut.
Simple or compound pycnidia occur either singly or in groups
on the surfaces of necrotic tissues. They may appear immersed
or erumpent, and they possess a prominent ostiole. Pycnidia
range in diameter up to 400 pm. Conidia (Plate 23) are borne
on short conidiophores. Mature pycnidiospores (17-34 x 10~
18 pm) are elliptic with one septum. Mature, two-celled co-
nidia are brown and lack longitudinal striations.

Disease Cycle

Mycelium and mature conidia of D. gossypina can remain
dormant in soil and plant debris for long periods. Germination
and infection occur when a suitable substrate becomes avail-

-able:-Peanut-plant -tissue predisposed by -heatstress-is-more-

subject to colonization by D. gossypina than is similar tissue
not so predisposed. However, predisposition is not a prerequi-
site for infection. Primary infection may be caused by myce-
lium originating from germinating, mature conidia or mycelial
fragments. Upon penetration, the fungus grows from.one cell
to another throughout the cortical parenchyma. Hot, dry weath-
er favors disease development.

D. gossypina can be isolated from up to 10% of seed from
fields exhibiting severe disease symptoms. Seed-treatment fun-
gicides reduce the incidence of D. gossypina but do not eradi-
cate"it; thus implying the possibility of seed transmission. The
causal organism also can be isolated from seed from apparently
healthy plants not exhibiting aboveground disease symptoms.

Control

Rotations with nonhost crops can reduce disease incidence.
Although resistance to D. gossypina is not available in com-
mercial cultivars, some breeding lines, including F 334 AB-14
and Florispan Runner, possess high degrees of tolerance to this
disease and are available for use in breeding programs. By
manipulating row orientation and controlling foliage diseases
so that foliage-is maintained to provide shade throughout the
growing season, one can minimize heat injury to plant basal
stems and perhaps reduce disease incidence.
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Early and Late Leaf Spots

Many of the diséases of peanut have a limited geographic
range, but the two major foliar diseases,.early and late leaf
spots, occur wherever peanut is grown. Other common names
for these diseases include Cercospora leaf spots, tikka leaf
spots, peanut cercosporosis, Mycosphaerella leaf spot, and
brown leaf spot. In some areas, early leaf spot is the pre-
dominant disease, and in others, late leaf spot is predominant.
For example, early leaf spot was the predominant foliar disease
of peanut in the southeastern United States during the 1960s
and 1970s, but late leaf spot predominated there during the
1980s. Recently, early leaf spot has again become predominant
in some areas of this region. Similar changes in the relative
incidence and importance of early and late leaf spots have been
obsetved in other areas of the world.

‘When fungicide sprays are not used, pod yield losses of up
to 50% are common. Losses to late leaf spot as high as 70%
have been recorded in research plots where the disease was not
controlled. The quantitative relationship between these foliar
diseases and pod yield loss is related to defoliation and time of
harvest, as shown in Figure 23. For a given level of defoliation,
pod yield loss increases with delays in harvest.

Symptoms and Signs

Although the diseases are-called leaf spots, the symptoms of
both diseases develop on petioles, stipules, stems, and even
pegs during the later stages of an epidemic. Lesions are first
visible about 10 days after spore deposition as small, chlorotic
flecks. These flecks become darker lesions, enlarging to 1-10
mm in diameter (Plates 24 and 25). Mature, sporulating lesions
may be apparent by about 15 days after spores are deposited.
Early and late-leaf spots often-look very similar on the upper
(adaxial) surfaces -of leaflets, but early leaf spot usually has a
prominent yellow halo (Plate 25) that is often less conspicuous
or absent from late leaf spot lesions. The presence, absence, or

distinctiveness of a halo, however, is not a reliable character-

istic for distinguishing between early and late leaf spot. On
some cultivars (e.g., Florunner) early leaf spot lesions are
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Fig. 23. Effects of defoliation caused by leaf spot diseases on
yield of peanut. Note that yield loss is greater for a given level of
defoliation when harvest is delayed.

typically light tan to reddish brown on the undersides (abaxial
surfaces) of leaflets, whereas late leaf spot lesions will usually
be dark brown to black. This characteristic also may be unre-
liable on many cultivars because lesions often differ in color on
the abaxial surface. The most reliable method of distinguishing
between the two leaf spots is identification of conidia by
microscopic examination. Sporulation of the early leaf spot
fungus is more prevalent on the adaxial surfaces of leaflets,
whereas sporulation of the late leaf spot fungus occurs more
often on the abaxial surfaces. Conidia are sometimes absent
from early leaf spot lesions but are generally present on late
leaf spot lesions. When present, conidia are often sparse and
light in color on early leaf spot lesions, but conidia on late leaf
spot lesions will usually be dark and borne in tight clusters
arranged in concentric rings. If leaf spots are actively sporu-
lating, distinction between early and late leaf spot is often
possible with a 10x hand lens. '

Neither early nor late leaf spot is likely to be confused with
other foliar diseases, but symptoms caused by certain phyto-
toxic pesticides are very similar to leaf spot symptoms. This is
particularly a problem where eariy-season herbicides are used
for management of weeds or where systemic insecticides are
used for thrips control. Spots caused by pesticide injury are
usually slightly lighter in color in the center, and there is no
sporulation on the spots. Leaf spots caused by pesticide injury
are also less clearly defined on the abaxial leaf surface.

Causal Organisms

_ Early leaf spot. The anamorph of éarly leaf spot, Cercos-
pora_arachidicola S. Hori, is commonly present on lesions.
Fruiting of C. arachidicola is amphigenous; however, conidia
form primarily on the adaxial surfaces of lesions. Stromata are
dark brown and up to 100 um in diameter. Pale olivaceous or
yellowish brown conidiophores (1545 x 3-6 pum) form in
dense fascicles (Fig. 24), five to many in number. Conidio-
phores are darker at the base, mostly once geniculate, un-
branched, and septate. Subhyaline conidia (35-110 x 3—6 um)
are olivaceous, obclavate, and often curved. Each has three to
12 septa, a truncate base, and a subacute tip (Fig. 25). The
teleomorph of the early leaf spot pathogen, Mycosphaerella
arachidis Deighton, as described by Jenkins, is rarely observed
on peanut. ' ‘

Fig. 24. Conidiophores of Cercospora arachidicola, the cause of
early leaf spot, erupting from the surface of a peanut leaf. (Cour-
tesy N. Kokalis-Burelle)
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Late leaf spot. The anamorph Cercosporidium personatum
(Berk. & M. A. Curtis) Deighton is known by several other
names in the literature. The most recent is Phaeoisariopsis
personata, proposed by von Arx in 1983 on the basis of small
synnemata or long conidiophores and less thickened and dark-
ened, bulging scars. This name change has not been widely
accepted, and Cercosporidium personatum is preferred. The
anamorph as commonly observed on late leaf spot lesions is
amphigenous with fruiting on both sides of the leaflet, but
sporulation is more common on the lower surface. Dense,
pseudoparenchymatous stromata are up to 130 pm in diameter
(Fig. 26). Conidiophores (10-100 x 3.0-6.5 pm) are numerous,
pale to olivaceous brown, smooth, and one to three geniculate
and have conspicuous conidial scars 2-3 pm wide. Conidia
(20-70 x 4-9 um) are medium olivaceous, cylindrical, obcla-
vate, usually straight or only slightly curved, rounded at the
apex, and not constricted; they have one to nine (mostly three
or four) septa, a wall that is usually finely roughened, and a
base shortly tapered with a conspicuous hilum (Figs. 25 and
27). Conidiophores commonly form dense fascicles in con-
centric rings. The teleomorph, Mycosphaerella berkeleyi Jenk.,
like that of the early leaf spot pathogen, is rarely observed on
peanut.

Fig. 25. Conidiophores and conidia of Cercospora arachidicola
(top) and Cercosporidium personatum (bottom). (Reprinted, by
permission, from Subrahmanyam et al., 1982)

Fig. 26. Conidiophores of Cercosporidium personatum, the cause
of late leaf spot, erupting from the surface of a peanut leaf.
(Courtesy N. Kokalis-Burelle)
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Disease Cycle

Disease cycles for early and late leaf spots are presented in
Figure 28. Conidia produced on crop residue in the soil are the
main source of initial inoculum. However, ascospores, chla-
mydospores, and mycelial fragments are potential inoculum
sources. Mycelium in lesions on stems, petioles, and pegs is
more likely to overseason than that on leaflets and is therefore
a probable means of survival of the leaf spot pathogens from
one season to the next.

Release of conidia of C. arachidicola is favored by temper-
atures of 20-24°C when relative humidity is greater than 90%.
Spore production is favored by long periods of leaf wetness,
and epidemics are favored by temperatures greater than 19°C
and relative humidity that exceeds 95% for extended periods.
Conidia germinate, forming one to several germ tubes, which
enter open stomata or penetrate the epidermal cells directly.
Under favorable conditions, lesions may develop within 6-8
days. Cercosporidium personatum produces intercellular, bo-
tryose haustoria, but C. arachidicola does not produce haus-
toria. Maximum late leaf spot infection occurs when temper-
atures are about 20°C and relative humidity exceeds 93% for
more than 12 hr or with continuous leaf wetness periods of 10
hr. Few infections occur if temperatures are above 28°C, if
relative humidity is high for less than 12 hr, or if leaf wetness
periods are less than 10 hr. Late leaf spot lesions occur about
10-14 days after infection. Although late leaf spot usually has
a longer incubation period than early leaf spot, it may cause
more severe damage over a shorter period of time because of
the capacity of Cercosporidium personatum to produce more
spores per lesion than C. arachidicola. :

Conidia are dispersed by wind, splashing water, and insects.
Peak dispersal periods for conidia occur at dew dry-off in the
morning -and at the onset of rainfall:--Although-vertical -dis--
persal of C. arachidicola conidia to 2.7 m above the soil sur-
face has been reported, long-distance dispersal of C. arachid-
icola and Cercosporidium personatum conidia has not been
well documented.

Management

Two management strategies are employed to reduce the
threat of leaf spot epidemics. The first is to reduce initial
inoculum by crop rotation and burial of peanut crop residue
with a moldboard plow. Crop rotation for 2-3 years out of
peanut i§ preferred; and thisalone may provide as‘much as-a 2-
to 3-week delay in development of a leaf spot epidemic (Fig.
29). Volunteer peanut plants in the nonhost crop should be
destroyed to prevent inoculum buildup and carryover. Because
of the potential for a rapid rate of increase of leaf spot diseases,
crop rotation alone is insufficient for their control.

Fig. 27. Conidia of Cercosporidium personatum germinating on
the surface of a peanut leaf. (Courtesy N. Kokalis-Burelle)



The primary management strategy involves the use of tactics
that reduce the rate of spread of leaf spot diseases. Multiple
applications of fungicidal sprays (Plate 26) are usually required
to keep leaf spot diseases below damaging levels. Benomyl,
chlorothalonil, copper hydroxide, mancozeb, sulfur, propicona-

Spores disseminated by
A wind, splashing water, and insects
&

Conidiophores
on leaf surface

3

< X
eeioe

-t

, ™

(A .
o—é.\ B

- o
BRI RN
o
IR

st

o
7
s
7o)
=
o
oNaoto;
v,
1=
o

0

- afe

o
%o,

4
e

[3
-
.

¢
{i
\
Y
L

.‘
-
W
i
'\

-
=

Pseudathecium
Mycosphaerella

aTe
"~ -

(qi
Qs
&
), €
(,
'S
-
N

Overwintering

zole, and tebuconazole are examples of fungicides that either
have been used or are being used for management of early and
late leaf spots.

Fungicides are applied with tractor-mounted boom sprayers,
fixed-wing "aircraft, helicopters, sprinkler irrigation systems,

Infection of
host tissue

arachidis
Mycelium
without haustoria

\ .

stages on
crop” residue

Early leaf spot
symptoms

‘Upp'er leaf surface

Spores disseminated by
B wind, splashing water, and insects

&

Conidiophores on -
lower leaf surface

' .

N
2
A

e

—t
‘ -
SN
S

BRI

-
(-
B EOERE
Dl St
oXa e’

~

»
(1
4

|

s\

»
025
&4
G
]
3
35

infection of
host tissue

Pseudothecium

Mycosphaerella
berkeleyt

intercellular mycelium
with haustoria

Overwintering
stages on
crop residue

Late leaf spot
symptoms

Lower leaf surface

Fig. 28. Disease cycles of A, early leaf spot, caused by Cercospora arachidicola, and B, late leaf spot, caused by Cercosporidium

personatum. (Prepared by Nancy Browning)

19



and understung spray booms on pivot irrigation systems. Gener-
ally, application volumes of 5 gallons per acre are recom-
mended for aircraft and 15 or more gallons per acre for ground
sprayers. Chemigation is the least effective method because
less fungicide is deposited on foliage than with other methods.

Disease-forecasting systems based on temperature and rela-
tive humidity, temperature and leaf wetness, or simply the
number of rain events and rainfall probabilities are in use in
some peanut-production areas. Requirements of the systems
vary from the use of an in-field, computer-controlled weather
station to a simple rain gauge. Scheduling fungicide applica-
tions with a forecasting system allows applications on an as-
needed basis when environmental conditions are favorable for
rapid disease development. Such methods are in contrast to the
traditional application of fungicides on a calendar schedule,
beginning at 30—40 days after planting and continuing at 10- to
14-day intervals until 14-21 days before the anticipated date of
harvest.

Indiscriminate application of fungicides for control of early
and late leaf spots may result in undesirable effects. For exam-
ple, benomyl-tolerant strains of C. arachidicola and Cerco-
sporidium personatum developed in the southeastern United
States within 3 years after benomyl was registered for use in
the United States. The use of chlorothalonil for control of foliar
diseases may also increase the severity of Sclerotinia blight
where that disease is a problem. In addition, some fungicides
suppress development of twospotted spider mites, while other
fungicides contribute to increased populations.

New fungicides with systemic activity have been developed.
In particular, the ergosterol-biosynthesis-inhibiting (EBI) fun-
gicides work well against leaf spot diseases. Propiconazole has
good efficacy against early leaf spot, a little less against late
leaf spot, very little against stem rot (Sclerotium rolfsii), and
none against peanut rust (Puccinia arachidis). Therefore, pro-
piconazole is not recommended late in the season where late
leaf spot and/or rust is prevalent. In contrast, tebuconazole has
good efficacy against this entire spectrum of diseases. It is pos-
sible to substitute an EBI for a protective fungicide for several
applications during the season and thereby control a broader
spectrum of diseases or to use lower rates of the protective
fungicide mixed with an EBI full-season to attain control of
foliar and some soilborne diseases of peanut. Systemic EBI
fungicides are not.recommended for full-season_use_alone
because they may increase the risk that resistant populations of
the leaf spot pathogens will develop.

Partially resistant cultivars may also be used to reduce the
rate of spread of leaf spot epidemics. A few high-yielding cul-
tivars with moderate resistance to early and/or late leaf spots
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Fig. 29. Effect of crop rotation on defoliation caused by late leaf
spot. Note that when peanut follows peanut, defoliation reaches
damaging levels (about 30%) 3—4 weeks sooner than when pea-
nut is in the first year or when it follows several years of nonhost
crops.
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and desirable agronomic traits have been developed, but this
resistance is not complete. Components of resistance to leaf
spot diseases that may delay disease progress under field con-
ditions include extended latent period, decreased sporulation,
smaller lesions, reduced infection frequency, reduced necrotic
area of leaves, reduced defoliation, and fewer lesions on stems.
The best disease-management strategy for leaf spot diseases
should integrate several of the above tactics into a program
adapted to the cultivars and cultural practices of a given area.
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Fusarium Diseases

Fusarium spp. are ubiquitous in the soil of peanut-growing
areas. They_are commonly isolated from roots (even those of
nonsusceptible plants), seed, and the hypocotyls and cotyle-
dons of germinating seed. Fusarium spp. affect peanut plants
sporadically; and until recently, Fusarium-related epidemics
were rare, except for pod rots, in which Fusarium spp. are part
of the complex of causal pathogens. Fusarium spp. of soil-
borne origin frequently penetrate the pod and colonize the seed
coat.

Symptoms

In seedlings, preemergence damping-off caused by Fusarium
spp. results in the young plant roots and hypocotyls becoming
gray, water soaked, and frequently overrun by mycelium. Chla-
mydospores of F. oxysporum can germinate in the rhizosphere
of young roots. .

An infected seedling is stunted, the taproot becomes brown,
and the hypocotyl is quickly invaded. In an older seedling, up
to the age of about 1 month, dry rot of the taproot, caused by F.
solani, may occur and spread to secondary roots.

A syndrome of Fusarium root rot and slow wilting may
appear in adult plants. Symptoms include the folding of leaflets
against each other during dry periods, chlorosis of leaflets, and
slight wilting. At this stage, elongate, slightly sunken, brown
lesions are found on the taproot near the crown. As the lesions
enlarge to girdle the taproot, wilting progresses. Leaves turn.
brown and die gradually. In moist soil, plants may form adven-
titious roots. around. the crown early enough to escape terminal
wilting, but plant development and pod yield are impaired. In



the advanced stage of the disease, all tissues near the lesions
are invaded by F. solani. Hyphae of this fungus are sometimes
observed in vessels of the root, even at the earliest phase of
disease expression. At this stage, no other organisms can be
isolated, but some appear later. Thus, F. solani has been impli-
cated in the cause of the disease, although inoculation tests
have been inconsistent in verifying the pathogenicity of this
fungus.

Fusarium wilt appears sporadically in peanut fields. During
sudden wilting (Plate 27), leaves of an entire plant turn grayish
green, and during dry weather, the canopy becomes dry, brittle,
and bleached. If the wilt is less sudden, leaves tumn yellow, and
sometimes plants are defoliated before death. In both cases,
taproots show vascular browning; however, secondary roots
and rootlets appear healthy. These symptoms, in particular the
sudden wilting, implicate F. oxysporum in the peanut wilt
complex.

Peg lesions usually develop on the underground part of the
peg, mainly near the soil line, where the high soil temperatures
that often prevail can injure the epidermal cells of the pegs and
predispose them to soil-inhabiting fungi. Wound parasites, in-
cluding some Fusarium spp., can be isolated from the lesions,
which may girdle and rot the peg. As a result, the peg tissues
weaken and pods separate from the plant at harvest and are
lost.

Pod diseases may take the form of pod blight, pod rots, or
external blemishes. Pod blight affects primordial, (i.e., very
young) pods. F. solani and F. scirpi are two of a series of fungi
that have been isolated from blighted pods soon after peg
penetration of the soil. Both species are pathogenic to young
pods. Pod blight is considered a cause of death of many pri-
mordial pods that die early in their development.

. Maturing pods affected by a dry rot attributed to various
Fusarium spp. may show grayish, pinkish, or whitish violet
coloration (Plate 28). However, these visible symptoms are not
proof of the presence of Fusarium spp., nor are they proof that
a Fusarium sp. is the major causal organism. In Libya, F.
solani and F. scirpi have been reported as the causes of a simi-
lar pod rot. ‘

External blemishes of the shell and seed coat on whole, ma-
ture pods may be caused by a variety of fungi, including F.
solani and F. oxysporum. Under controlled conditions, only F.
oxysporum incited this symptom.

A common and devastating pod rot, commonly referred to as
peanut pod rot complex, is thought to be caused by several
pathogens including Rhizoctonia spp. (see Peanut Pod Rot
Complex) and the Pythium disease complex (see Pythium Dis-
eases). F. solani plays a role in the development of this rot,
both as a predisposing factor and as one of the saprophytic
microflora that aggravate the final breakdown of the pod. F.
solani alone is unable to cause an epidemic. Pods affected by
the pod rot complex typically have coalescing (confluent)
chocolate brown dots and spots.

Causal Organisms

About 17 species and varieties of Fusarium have been iso-
lated from the soil around peanut roots or pods and from the
root, collar, pegs, and pods, including shells and seed. Of
these, only members or close relatives of the following species
have been reported as responsible for peanut diseases: 1) F.
solani (Mart.) Sacc., in particular F solani f. sp. phaseoli
(Burkholder) W. C. Snyder & H. N. Hans.; 2) F oxysporum
Schlechtend.:Fr.; 3) F equiseti (Corda) Sacc. and F. scirpi
Lambotta & Fautrey; 4) F tricinctum (Corda) Sacc.; 5) F
moniliforme J. Sheld.; and 6) F. avenaceum (Fr..Fr.) Sacc.

All Fusarium spp. produce microconidia, macroconidia, and
chlamydospores. Chlamydospores (7-11 pum in diameter) are
borne singly or in chains (Fig. 30). Microconidia (5-12 x 2-3.5
um) are hyaline, nonseptate, and oval to ellipsoid or cylindrical
(Fig. 31). Macroconidia (Figs. 31-33) are hyaline with three to

five septa and pointed ends. They are produced on phialides
arranged sparsely or in sporodochia.

‘Disease Cycle

Fusarium spp. live saprophytically in soil and reproduce on
plant debris. Conidia are abundant but short lived. Chlamydo-
spores are the persistent survival structures. Symptomless car-
riers actively maintain Fusarium spp. during seasons when
nonhost crops are planted. Seedborne inoculum and hyphae
sheltered in slowly disintegrating debris also carry the path-
ogen over from one season to another. Seedborne inoculum is
frequent, even on the seed coats of sound seed from sound pods.

Injury to seed predisposes seedlings to Fusarium spp. that
are in soil and carried on the seed coat. Epidemics of seedling
damping-off, and the resulting poor stands, occur when soil
temperatures are too low for rapid emergence. If in addition
soils are wet and insufficiently drained, seed may decay at the
beginning of germination.

Injury to roots predisposes seedlings to infection by Fusar-
ium, spp. Slow wilting most seriously affects young plants
during hot, dry weather. Without water stress, damage levels
are low.

Fusarium spp. are facultative xerophytes that can grow ac-
tively under dry conditions. Nevertheless, moist soil enhances

Fig. 30. Chlamydospores of Fusarium solani. (Courtesy Fusarium
Research Center, Department of Plant Pathology, The Pennsyl-
vania State University, University Park)

Fig. 31. Macroconidia and microconidia of Fusarium solani. (Cour-
tesy Fusarium Research Center, Department of Piant Pathology,
The Pennsylvania State University, University Park)
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Fig. 32. Macroconida of Fusarium roseum. (Courtesy Fusarium
Research Center, Department of Plant Pathology, The Pennsyl-
vania State University, University Park)

Fig. 33. Macroconidia of Fusarium oxysporum. (Courtesy Fusar-
ium Research Center, Department of Plant Pathology, The Penn-
sylvania State University, University Park)

pod rot, possibly because of poor soil aeration (the shortage of
oxygen predisposes the pod to pathogens, including Fusarium
spp.)-

Under continuous peanut cultivation, the population densi-
ties of Fusarium spp. in the soil increase considerably. This
abundance in the soil is rarely accompanied by a disease epi-
demic, with the exception of pod rots.

Control

Fusarium spp. have been isolated from hypocotyls and
cotyledons of fungicide-treated seed. Seed dressings are not
highly efficient against Fusarium spp., but they significantly
reduce damping-off diseases because of their effect on other
pathogens.

Crop rotation may retard a quick buildup of Fusarium propa-
gules; nevertheless, it does not efficiently reduce populations
of the fungus enough to avert Fusarium-incited diseases.

Avoiding peanut cultivation in poor, acid soils and improv-
ing general soil fertility by organic amendments (manure) may
reduce incidence of Fusarium-incited root rot.

Cultivation in well-drained soil will minimize pod rots. Over-
head irrigation permits better control of irrigation intensity and
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duration and of subsequent drainage and drying of the topsoil
than do other irrigation methods. Infrequent irrigation with
adequate amounts of water are preferable to frequent irrigation
with smaller amounts because the former regime allows the
topsoil, which contains the pods, to dry.

Soil treatments with sublethal doses of the biocide metham
sodium and solarization (solar pasteurization beneath trans-
parent tarps) selectively reduce soil fungal populations. These
treatments reduce Fusarium populations and increase total pod
yield, apparently by reducing the incidence of peg blight and
pod rot. ‘

Breeding for resistance to peanut diseases caused by Fusar-
ium spp. has not been systematically pursued. However, the
rarity of epidemics caused by Fusarium spp. in peanut suggests
that in field nurseries, Fusarium-diseased plants either die or
are discarded; thus, lines selected on the basis of other char-
acteristics have incidentally been given field resistance to
several Fusarium spp.
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Melanosis

Melanosis of peanut leaves has been reported in Argentina
and is referred to as Stemphylium leaf spot in the United
States.

Symptoms

Lesions are dark brown, 0.5-1.0 mm in diameter, and usual-
ly circular. Solitary or confluent, they appear only on the abax-
ial leaflet surface and are at first slightly submerged but later
become raised and crustlike.

Causal Organism

The causal organism, Stemphylium botryosum Wallr., pro-
duces spores that are terminal, solitary, muriform, pale to dark
brown to olivaceous, and sometimes minutely verruculose or
echinulate. They are bome on conidiophores with terminal
swellings, which become, through percurrent proliferation,
intercalary.’ ‘
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Myrothecium Leaf Blight

A leaf blight of peanut caused by Myrothecium roridum has
been observed in India and Thailand. M. gramineum has also
been reported as a leaf blight pathogen in India. Both patho-
gens infect a wide range of host plants.

Symptoms

The two pathogens produce similar symptoms on infected
peanut leaves. Lesions are round to irregular, 5-10 mm in
diameter, with tan centers and brown margins surrounded by
chlorotic halos. The centers of these lesions become thin,
papery, and light tan. Lesions coalesce to give affected leaves a
blighted appearance. Abundant olive green to black fruiting
bodies, often arranged in circular rings, are formed on necrotic
areas of both leaf surfaces (Plate 29).

Causal Organisms

The conidia of M. roridum Tode:Fr. are hyaline, one celled,
elongated, and 4.7-11.7 x 1.2-3.5 pm. Conidia of M. gramin-
eum Lib. are 5.5-14.0 x 3.0-5.0 um with stiff, acute setae
mixed with smaller, torsive ones.
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Neocosmospora Foot Rot

Foot rot has been observed in peanuts in Taiwan and South
Africa; The causal organism, Neocosmospora vasinfecta E. F.
Sm., has been observed colonizing aboveground plant parts and
is also pathogenic to pod hulls and seed. Pods exhibit discolored
internal tissues and later decompose. Diseased plants are stunted
with yellow lower leaves and frequently defoliate and senesce
prematurely. There are no control measures available.
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Olpidium Root Discoloration

Root discoloration of peanut caused by Olpidium brassicae
has been reported in the Indian states of Andhra Pradesh,
Gujarat, and Punjab and in Texas in the United States.

Symptoms

Lightly infected roots remain apparently healthy, but when
infection is advanced, the root cortex becomes brown to black.
The pathogen is restricted to the peripheral layers of the cortex
of infected roots.

Causal Organism

Plasmodia of O. brassicae (Woronin) P. A. Dang. are thin
walled, cylindrical to rounded, and 10-22 x 1545 um and
have densely granulated protoplasm. Zoosporangia are variable

Fig. 34. Endospores of Olpidium brassicae with typical stellate
wall surfaces.

in size (8-32 um in diameter) with a single exit tube. Resting
spores are spherical (10-27 ym in diameter) and consist of
thick, stellate exospores and thin, smooth endospores (Fig. 34).
Zoospores are spherical and have a single posterior, whiplash
flagellum. ,

O. brassicae is widely distributed, particularly in temperate
regions. It is parasitic on roots of several phanerogams and is a
vector of several soilborne plant viruses.
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Peanut Pod Rot Complex

Peanut pod rot (pod breakdown) is a sporadic but common
disease of peanut that causes serious losses throughout all pea-
nut-growing regions of the world. In 1954, the condition was
deéscribed in Georgia as black pod, and it has been prevalent in
Israel since 1959. In 1964, a preharvest pod (fruit) rot of pea-
nut in Virginia was described and referred to as pod break-
down. Others have since referred to what appears to be the
same malady as the peanut pod rot complex. Losses are varia-
ble and appear to be related to cultivar, the pathogen involved,
and nutrition.

Symptoms

Symptoms of the pod rot disease complex vary depending on
the location, season, and pathogens involved. Deterioration or rot
of fully developed pods is the first sign of disease. Pods develop
either a tan to brown, dry decay or a greasy, black, wet decay,
depending on the pathogens and environmental conditions (Plate
30). Many pods, both sound and rotted, may remain in the soil
after digging, the result of weakened or decayed pegs.

There are no aboveground symptoms of pod rot, except that
severely affected plants may be darker green and exhibit pro-
longed flowering. The root .system generally is not infected,
and the reduced demand for carbohydrate from the loss of the
fruit usually increases the vigor of the foliage. Plants with the
greatest degree of pod rot at or near harvest will appear to be
the most vigorous and provide no indication of serious disease
losses below the soil surface.

23



Causal Organisms

This overview of the peanut pod rot disease complex focuses
on Pythium myriotylum Drechs., Rhizoctonia solani Kiihn, and
Fusarium solani (Mart.) Sacc., since there is considerable evi-
dence indicating that the complex involves these three fungal
species. In Libya, pod rot is caused mainly by F. solani and
other Fusarium spp. Fusarium spp. have been implicated in
Pythium-Rhizoctonia pod rot in the United States. In Virginia,
Fusarium spp. have been reported to precede P. myriotylum. A
three-step progression of the pod rot complex has been
described in Israel. In step 1, F. solani predisposes pods to
sporadic infection by P. myriotylum. Step 2 involves pod
colonization by P. myriotylum and a rapid increase in pod rot.
In step 3, F. solani and saprophytic organisms cause the dis-
integration of pods and there is a sharp reduction or disap-
pearance of P. myriotylum.

Soil fauna often plays an important role in the pod rot com-
plex. The feeding of insects and nematodes impacts the severity
of pod rot caused by P. myriotylum, R. solani, and F. solani. In
studies conducted in Texas, pod damage was influenced by the
feeding of insect larvae. In Virginia, pods injured by larvae of
the southern corn rootworm (Diabrotica undecimpunctata how-
ardi Barber) were more susceptible than uninjured pods to in-
fection by various fungi. In Florida, pods exposed to moderate,
combined inoculum levels of the peanut root-knot nematode
(Meloidogyne arenaria (Neal) Chitwood) and P. myriotylum
sustained 31% more decay than those exposed to P. myriotylum
alone. In North Carolina, soil mites (Caloglyphus spp.) were
associated with more than 50% of decaying pods where P.
myriotylum was the primary fungal pathogen.

Nutrition

The severity of pod rot associated with the pod rot complex
appears to be related to the presence of a specific pathogen or
multiple pathogens and a wide range of environmental factors,
such as the presence or absence of a specific plant nutrient.
The first symptoms of peanut pod rot complex include a col-
lapse of pod tissues, which are usually attacked by various soil
fungi causing the characteristic-dark-discoloration-of the pod.
The pod rot complex appears to be more common on large-
seeded virginia peanuts than on the smaller-seeded runner and
spanish types. Large amounts (2 t/ha) of gypsum (CaSO,
2H,0) applied to peanuts at bloom significantly reduces the
‘severity of pod breakdown and maximizes pod yield. High
rates of gypsum (1-3 t/ha) applied to Virginia Bunch 46-2 also
reduced pod breakdown in 2 of 3 years and increased pod
yields and the percentage of sound, mature seed. Gypsum in-
creases the amount of calcium and decreases the amount of
potassium in pods. Applications of MgSO, (1.3 t/ha) and
K,SO, (1-2 t/ha) increase pod breakdown and the amount of

potassium in pods but decrease or tend to decrease pod yield

and calcium levels in pods. The vulnerability to pod-break-
down pathogens is reduced in pods containing 0.20% or more
calcium. However, similar treatments of gypsum did not sup-
press pod rot in Oklahoma.

Studies have been conducted in Georgia to determine the
effects of peanut cultivar and rate of gypsum on pod rot in soils
naturally low and naturally high in calcium. Pod rot did not
occur on any cultivar in any treatment in the high-calcium soil.
In the low-calcium soil, severe pod rot occurred on plots receiv-
ing no gypsum, but the severity decreased for all cultivars as
the rate of gypsum increased. Cultivars with high calcium
requirements (e.g., Early Bunch) were more susceptible to pod
rot than cultivars less dependent on calcium fertilization (e.g.,
Florunner). _

An evaluation of pathogen-specific fungicides for the control
of the pod rot complex pathogens failed to distingnish which
pathogen was involved. Although Pythium, Rhizoctonia, and
Fusarium spp. were isolated from soil and decaying pods and
pegs throughout the growing season, no consistent differences
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were found among treatments for soil populations or isolation
frequency from decaying pods. Plots treated with a calcium
source were generally higher in pod yield and grade and
exhibited a lower incidence of pod rot. There was a positive
correlation between the concentrations of most elements in
pods and pod rot, except in the case of calcium, for which con-
centration was negatively correlated with amount of pod rot.

The key factor in the reduction of peanut pod rot (pod
breakdown) in the studies conducted in Virginia and Georgia
was the increased concentration of calcium in the pods. In
Texas, where high sodium levels exist in the water, pod rot of
peanut can be reduced with applications of gypsum. Although
water relations in the peanut pod rot system have not been
studied extensively, it is well accepted that calcium must be in
an aqueous form to be absorbed by the fruit. Since peanut pods
develop in the soil, they could be very susceptible to coloniza-
tion by microorganisms after predisposition by a nutrient im-
balance or deficiency. Striking similarities between the peanut
pod rot complex and blossom-end rot of tomato and pepper are
evident.

Control

Current recommendations for control of the pod rot com-
plex in the eastern United States include high rates of gyp-
sum applied at flowering time. Nutritional imbalances in the
pod-development zone are discouraged. Large-seed peanuts
tend to be more susceptible than small-seed cultivars. Pesti--
cides such as pentachloronitrobenzene (PCNB) and metal-
axyl, which have activity on Rhizoctonia and Pythium spp.,
respectively, are being used. Although chemicals such as
PCNB and metalaxyl have sometimes been recommended for
the management of pod rot, little or no economic gain has
been demonstrated.
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Pepper Spot and Leaf Scorch

Pepper spot and leaf scorch have been reported in Angola,
Argentina, Burkina Faso, India, Madagascar, Malawi, Maur-



itius, Mozambique, Niger, Senegal, Swaziland, Thailand,
Taiwan, Uganda, the United States, Vietnam, Zambia, and Zim-
babwe. The diseases do not usually contribute -to pod yield
losses.

Symptoms

Pepper spot lesions are dark brown or black (Plate 31), less
than 1.0 mm in diameter, and irregular to circular and may be
depressed. They form on the adaxial leaf surface and slowly
enlarge. ’

Leaf scorch (Plate 32) usually appears at the leaflet apex,
followed by the development of a wedge-shaped lesion with
a vivid yellow zone adjacent to its advancing margin. Le-
sions caused by Cercospora arachidicola or Cercosporidium
personatum are sometimes observed in necrotic areas of
tissue. Therefore, it appears that Leptosphaerulina crassiasca
is well adapted to secondary colonization of peanut leaf
tissue.

Causal Organism

L. crassiasca (Sechet) C. R. Jackson & D. K. Bell is the
causal pathogen of both conditions. Only the teleomorphic
state of this homothallic fungus has been reported. Mycelial
hyphae are septate with uninucleate cells that give rise to fer-
tile hyphae with binucleate or multinucleate cells. Asci contain
eight ascospores, which are initially uninucleate. Mature asco-
spores are multinucleate with three to five transverse septa and
zero to two longitudinal septa. The ascoma is a uniloculate
pseudothecium with a papillate, ostiolar neck. Asci are bituni-
cate, and ascoma ontogeny is typical of the Dothidea type of
development. , '

Pseudothecia (Fig. 35) contain eight to 20 asci, each 50-80 x
25-55 pm. Ascospores (23—40 x.11-17 pm) are oblong to
ellipsoidal, hyaline, and pale yellow to light brown at maturity
(Figs. 36 and 37).

Disease Cycle *

Pseudothecia form abundantly in necrotic leaf tissue. Peak
dispersal periods of forcibly ejected ascospores occur at the
end of the dew period and at the onset of rainfall. Germ tubes
form appressoria with subsequent direct penetration of epi-
dermal cells. '

Control
Leaf scorch and pepper spot are controlled quite effectively
with fungicides such as chlorothalonil.-
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Fig. 36. Ascospores of Leptosphaerulina crassiasca. (Reprinted
from Graham and Luttrell, 1961)

Fig. 35. Pseudothecia of Leptosphaerulina crassiasca.

Fig. 37. Germinating ascospores of Leptosphaerulina crassiasca.
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Pestalotiopsis Leaf Spot

Pestalotiopsis leaf spot has been observed on peanut leaves
in India.

Symptoms

Lesions are dark brown and circular. They are surrounded by

_yellow halos and are commonly restricted to either side of the
midrib. Acervuli containing the dark conidia form near the
center of diseased tissue.

Causal Organisms :

Two species, Pestalotiopsis arachidis Satya and P. neglecta
Thuem., have been reported in India. The distinction between
these species and the genus description are incomplete. Co-
nidia have four septa and are fusiform, tapering to the base,
with hyaline appendages.
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Phanerochaete omnivora

A yellow orange, resupinate, hydnaceous basidiomycete has

been observed on peanut plants and soil in several counties in
Texas. Basidiocarps were commonly effused and poorly devel-
oped in patches; however, weather conditions during the 1989
- growing season were favorable for extensive development of
the fungus. It sporulated profusely on plants diagnosed to be
infected with cotton root rot as well as plants not exhibiting
symptoms of this disease. It was identified as Phanerochaete
omnivora (Shear) Burdsall & Nakasone, a fungus that is sapro-
phytic on wood in the forests and desert areas of the southwest
and is associated with a white rot of hardwoods. This is the
first-report. of -its-being-associated-with_an_herbaceous..plant.
Although the orange teeth and rhizomorphs of the south Texas
isolates resemble those of P chrysorhiza (Torr.) Budington &
R. L. Gilbertson, an eastern species, the micromorphology
(including basidiospore size and ability to grow at 36°C) is
characteristic of P omnivora. Rhizomorphs of the fungus ex-
tend down into the soil for several feet. The fungus appears to
be superficial on the surface of the plant, although.pathoge-
nicity studies are incomplete.
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Phomopsis Blight

Phomopsis leaf and stem diseases have been reported in the
United States, and a leaf scorch caused by a Phomopsis sp. has
been reported in Argentina.
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Symptoms

Parallel rows of pycnidia develop on dead peanut stems
infected with Phomopsis sp. The stems become blackened. A
scorch symptom similar to that of Leptosphaerulina leaf scorch is
often observed on the leaflets. Phomopsis spp. are often isolated
from lesions caused by other fungi such as Colletotrichum sp.,
Cercospora arachidicola, and Cercosporidium personata.

Causal Organism

Phomopsis sojae Lehman is the causal orgamsm Conidio-
mata are eustromatic and separate or aggregated to confluent
and have short, ostiolate beaks. Two forms of conidia are pro-
duced. Alpha conidia (4.5-9.8 x 1.1-3.9 pm) are one celled,
hyaline, rounded at both ends, and usually biguttulate. Beta
conidia (9-27 x 0.8-1.8 pm) are long, filiform, nonseptate, and
straight or more often hamate.
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Phyllosticta Leaf Spot

Phyllosticta leaf spot occurs in many countries, including the
United States, Pakistan, India, China, Niger, Burkina Faso,
Thailand, and the Philippines. Occasionally, it is destructive in
Argentina and Zimbabwe.

Symptoms

Lesions (0.5-5 mm) are usually circular and have reddish
brown borders with light brown to tan centers (Plate 33). The
light center often drops out with age, and then the lesion appears
as a shot-hole.

Causal Organisms

Phyllosticta arachidis-hypogaea V. G. Rao forms scattered,
dark brown pycnidia (Plate 34), which are spherical, thick
walled, and 69.3-172.3 um in diameter. Conidiospores (5.2—
6.9 x 2.2-3.2 ym) are elongate, hyaline, and nonseptate.

P, sojaecola C. Massal. forms numerous pycnidia (105-175
pm) in_concentric circles. Conidiospores (7.1-9.8 x 2.1-3.2

‘pm) are hyaline and ellipsoid or claviform.-

Control _
Fungicides applied for early and late leaf spot control often
control Phyllosticta leaf spot.
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Phymatotrichum Root Rot

Phymatotrichum root rot of peanut, which occurs in the cal-
careous soils of the southwestern United States and Mexico, is
reported under the names Phymatotrichum root rot, cotton root
rot, and Ozonium root rot. It is not widespread in the South-
west because peanut is not often cultivated in calcareous soils.

Symptoms

Wilted plants with attached leaves first occur in small,
scattered patches. Patches enlarge, with newly wilted plants
occurring at the leading edges of diseased areas. The taproots
of affected plants are severely decayed. The surfaces of de-
cayed roots are frequently covered with tan to light brown
mycelial strands (rhizomorphs). Diseased areas may expand to
up to an acre in size. Tan to buff-colored spore mats often

appear on the soil surface at the edges of diseased areas after .

rain, but these are transient and dissipate after 2-3 days.

Causal Organism

Phymatotrichum omnivorum Duggar (syn. Phymatotrichop-
sis omnivora (Duggar) Hennebert) produces rhizomorphs on
infected roots and conidia in spore mats. Rhizomorphs and
acicular (cruciform) hyphae are useful for identification of this
fungal pathogen (Plate 35). Globose, single-celled conidia are
45-55 pm in diameter (Plate 36). Hydnum omnivorum Shear
and Sistotrema brinkmannii (Bres.)']J. Eriksson are reported to
be teleomorphs of this fungus. P. omnivorum sclerotia are
present in soil at depths of 3075 cm.

Disease Cycle

P omnivorum survives in soil as sclerotia for many years
and is well adapted for survival in alkaline, poorly aerated,
black clay soil. It survives also on weed hosts. However, it
does not survive at temperatures below 0°C. Propagules of this
pathogen can be disseminated with farm equipment.

Control

Partial disease management is possible with deep plowing
and crop rotation with grain sorghum. Fungicides are not effec-
tive for management of Phymatotrichum root rot. Peanut and
other susceptible crops such as alfalfa and cotton should not be
planted in infested fields.
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Powdery Mildew

Powdery mildew (Fig. 38) has been observed on peanut in
India, Israel, Mauritius, Portugal, and Tanzania. The causal
pathogen, Oidium arachidis Chorin, is limited mainly to the
adaxial leaf surface. Oidia are 31-44 x 13-15 um. Conidio-
phores produce one to two oidia under drought stress condi-
tions, but chains of three or four cidia develop under humid
and calm conditions. Subspherical, pyriform haustoria form in
epidermal cells. Rapid development of powdery mildew at
25°C has been reported in Israel.
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Pythium Diseases

Several species of Pythium may cause pod breakdown (pod
rot), preemergence and postemergence damplng off, vascular
wilt, and root rot diseases of peanut. All species are cosmo-
politan in soils and attack a wide range of crop plants.

Pod breakdown (Plate 37), a term used to describe an in-soil
rot of pods, is usually called pod rot. The disease is widespread
in peanut-growing areas of the world, often causing economic
losses. Such losses caused by Pythium spp. may be 0-80% but
are difficult to define, since infection by these pathogens usu-
ally does not result in well-defined, aboveground symptoms. P,
myriotylum is considered the major pod-rotting pathogen in
North Carolina, Virginia, and other peanut-growing areas.
However, several pathogens, including Pythium spp., Rhizoc-
tonia solani, and Fusarium solani, can cause pod breakdown
singly or in combination, i.e., in a pod breakdown complex. A
complex involving P myrzotylum and F selani is necessary for
pod rotting to occur in Israel. Similar synergistic interactions
also ‘'were noted with pathogens isolated from peanuts in
Florida. In Israel, Pythium spp. are thought to precede Fusar-
ium spp. in the pod rot complex, whereas in the United States,
Fusarium spp. reportedly precede Pythium spp. A more com-
plete ‘discussion of the etiology of pod rot is found in the
section Peanut Pod Rot Complex.

Environmental conditions are frequently important in deter-
mining the severity of preemergence and postemergence
damping-off, vascular wilt, and root rot alone or in combina-
tion. P. myriotylum isolates vary widely in virulence as well as
in differential pathogenicity to seedlings, roots, and pods of
peanut. cultivars. P. myriotylum is generally considered a
warm-soil -pathogen that is favored by constantly moist soil
conditions; however, pod rot epidemics have been observed in
soil drier than the wilting range for mesophytes.

Symptoms

In preemergence or early postemergence rot of peanut seed-
lings caused by .P. myriotylum, the predominant symptoms
include a black root rot, in which the roots are rapidly decayed,
and the collapse of the top of the plant, generally without
apparent invasion of the stem above the ground. The-cotyle-
dons and primary roots are often covered with a loose, white

‘mycelial mat if moisture is-available. Seedlings that emerge are:

stunted; leaves are light green and rapidly become necrotic.
Root systems are water soaked and clumped. Cortical tissues

Fig. 38. Powdery mildew on an upper leaf surface. (Reprinted, by
permission, from Chorin and Frank, 1966)
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rapidly become brown and disintegrate, leaving a nonfunc-
tional vascular skeleton.

Fibrous roots are especially susceptible to decay by P.
myriotylum; however, all root tissues and nodules can be
infected and ultimately turn dark brown to black during decay
(Fig. 39). The total root system usually is greatly reduced by
deterioration of lateral and branch roots. Cortical tissues dis-
integrate and slough off readily, leaving a fragmented, non--
functional vascular system. Plants with root rot generally are
stunted and readily wilt during moisture stress. Wilted plants
may recover turgidity and outgrow the disease if conditions are
conducive to growth.

Occasionally, peanut plants without obvious Pythium root
rot symptoms wilt suddenly (Plate 38) and quickly die. Shortly
after the appearance of wilt symptoms, leaflets become chlo-
rotic or light green. Leaflet margins pucker, and adaxial curling
or rolling occurs, starting at the apical end of the leaflet. Some
leaflets eventually fold, turn brown gradually, and shed pre-
maturely. Plants with these symptoms usually have some evi-
dence of root deterioration. In addition, in advanced stages of
infection, the vascular tissue of the taproot is dark brown from
the tip to several centimeters into the stem. The discoloration
extends into the primary and lateral branches of the stem and,
in some cases, may be found in the vascular tissue of the
petioles. Pods usually rot on plants that wilt early in the season
but not on plants that wilt later.

Causal Organisms

Although P. myriotylum Drechs. is the dominant pathogen
associated with peanut disorders caused by Pythium, other
species, including P. aphanidermatum (Edson) Fitzp., P. debary-
anum Auct. non R. Hesse, P irregulare Buisman, and P.
ultimum Trow, also are pathogenic to the peanut.

Pythium spp. are characterized by the presence of coenocytic
mycelium, from which develop asexual reproductive structures
(sporangia) that differ in size and shape among species (Fig.
40). The sporangia of P. myriotylum may be terminal or inter-
calary and may consist of simple or branched portions of my-
celia. Sporangia germinate by producing-either-a-germ tube or
zoospores. Smooth-walled oogonia (average diameter 26.5 pm)
are produced abundantly and borne most often on hyphal tips.
Antheridia, usually three to six per oogonium, are declinous
and crook necked. Oospores (12-37 um in diameter) do not fill
the oogonium. Each has a single reserve globule, a wall up to
2 pm thick, and pale golden contents.

Disease Cycle
Species of Pythium naturally inhabit the soil and can subsist
indefinitely as saprophytes. P myriotylum has a wide host

Fig. 39. Roots affected by Pythium_myriotylum. (left)_and healthy
roots (right). (Courtesy D. M. Porter)

28

range, including grass crops used in rotation with peanut. The
incidence of pod rot and the population density of Pythium spp.
in soil, however, are significantly higher in fields in which
peanut is grown successively than in fields in which crops are
rotated.

Oospores are the primary survival structures of P. myrio-
tylum in soil. Zoospores and sporangia are short lived. Mycelia
of P myriotylum, produced by zoospores or germination of
oospores, form appressoria and directly penetrate epidermal
cells of peanut pods (Fig. 41). Penetration occurs in 2 hr at 30—
34°C, but no penetration occurs below 25°C.

Pythium spp. are not restricted in their ability to infect
peanut tissues but vary in pathogenic ability when infecting
diverse tissues. Pathogenic ability is also variable within
species. Infection of plant tissue by Pythium spp. is influenced
by soil moisture, soil temperature, pH, cation composition,
light, the presence of other organisms, and inoculum density.

The optimum temperature for mycelial growth of P. myrio-
tylum is 35°C. In Florida, inoculum densities of 1543 oo-
spores per gram of soil resulted in 50% infection of peanut
roots by P. myriotylum. In Oklahoma, preplant densities of
three to 20 oospores per gram of soil were reported to have
increased approximately 100-fold after 67 days; populations
then declined to approximately 30 oospores per gram of soil at
harvest time. Although seven cultivars tested in Oklahoma
varied in their susceptibility to infection by Pythium spp.; no
effect was noted when cultivars and mean pathogen population
were compared over a whole season. Use of the soil fungicide
metalaxyl was reported to suppress Pythium population peaks
at midseason, but disease incidence and final inoculum density
were not significantly reduced at harvest.

A significant positive correlation between increasing soil
moisture and incidence of Pythium- pod rot-has-been-demon--

Fig. 40. Pythium sex organs. a-g, Different types of antheridia;
h, I, k, and |, oogonia; and j and m, oospores in oogonia. (Re-
printed, by permission, from Robertson, 1980)



strated in Israel. Frequent irrigation of sandy soils increased
the severity of pod rot caused by a combination of P. myrio-
tylum and F. solani, whereas less frequent and heavier irriga-
tions reduced pod rot severity. Pod rot incidence and/or sever-
ity also may increase after injury resulting from feeding by
diverse soil fauna. Soilborne mites and springtails have been
implicated in the spread of P. myriotylum from infected to
healthy peanut pods in North Carolina. Wounds created by
southern corn rootworm feeding were involved in increased
pod rot incidence in Virginia. The peanut root-knot nematode,
Meloidogyne arenaria, may increase the incidence of both pod
rot and preemergence damping-off of peanut caused by P
myriotylum in Florida.

Control
Some resistance to pod rot caused by P. myriotylum has been
reported. The most widely planted peanut cultivars in Virginia

are the most resistant to P. myriotylum. High yield potential

and moderate levels of resistance to Pythium spp. have been re-
ported in certain peanut lines grown in Pythium-infested soil in
Texas. The spanish variety Toalson has resistance to both P.
myriotylum and R. solani. In Israel, spanish and valencia pea-
nuts resistant to pod rot caused by P. myriotylum and F. solani
have been developed. Evaluation of components of resistance
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to P myriotylum has shown that equally susceptible cultivars
differ in disease incidence and that a low disease incidence
does not necessarily mean a high degree of resistance but could
imply the existence of an escape mechanism.

Wide-spectrum fungicides or combinations of fungicides
often are needed to control pod rot. Use of effective nemati-
cides can be important, since some types of nematodes inten-
sify pod rot in certain locations. Soil fumigants containing
methyl isothiocyanate and a nematicide have provided some

.control. Metham sodium applied in irrigation water controls

pod rot in Israel.

Pod rot caused by P. myriotylum can be significantly sup-
pressed in some areas by the application of high dosages of
gypsum. However, the addition of gypsum to peanut plants did
not reduce the severity of pod rot caused by P. myriotylum or F.
solani in Israel. Application of K,SO, or MgSO, to peanut
plants at blooming increased pod rot. .

Control of Pythium diseases of peanut through field man-
agement has been difficult. Traditional crop rotations are re-
ported to have little effect on controlling pod rot in peanuts;
however, fields in which peanut has been grown for several
seasons in succession have significantly more pod rot caused
by Pythium spp. than fields that are fallow for two growing
seasons.
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Fig. 41. Life cycle of Pythium. (Modified and reprinted, by permission, from G. N. Agrios, 1978, Plant Pathology, 2nd ed., Academic
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Rhizoctonia Diseases

The peanut plant is susceptible to diseases caused by Rhi-.

zoctonia solani from planting until harvest. The fungus is
responsible for rotting pods and any aboveground portions of
the plant in close proximity to the soil as well as for seed
decay, preemergence and postemergence damping-off of seed-
lings, and root and hypocotyl rot. Seed decay and damping-off
can be serious, especially in-fields-not involved in crop.rotation
or when conditions are not favorable for seedling development.
Replanting occasionally may be necessary. Root and hypocotyl
rot can reduce yields. In the southeastern United States, Rhi-
zoctonia limb rot has become a major problem, particularly in
irrigated fields.- Annual-osses-in-Georgia-exceed-severalmillion
dollars.

Symptoms

Peanut seed are sometimes decayed prior to emergence by
seedborne or soilborne Rhizoctonia spp. Such decay may be
difficult to distinguish from that caused by other seed-rotting
pathogens. Symptoms on emerged seedlings are more distinc-
tive and include dark, sunken, “sore-shin” lesions just below
the soil line (Plate 39). As the fungus colonizes the hypocotyl,
the lesions become darker and larger. Under optimum condi-
tions for disease development, the fungus will cause enough
damage to the hypocotyl and roots to cause plant death (Plate
40). Under less favorable conditions, lesions will be more
restricted and the plants will survive. Colonization of roots by
Rhizoctonia spp. may cause small, brown lesions on secondary
or tertiary roots or involve severe necrosis of the entire root
system. Older plants tend to have sunken, brown or black
lesions on the upper taproots.

Symptoms of Rhizoctonia infection on aboveground plant
parts can be dramatic. Although the disease is commonly re-
ferred to as Rhizoctonia limb rot, symptoms may be evident on
stems, leaves, or pegs. Lower branches in contact with the soil
are usually the first to become infected. Lesions are initially
small and light to dark brown with a distinctly zonate or target
pattern (Plate 41). They often form near the terminal end of

stems, particularly when stems have been injured by tractor
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traffic (Plate 42). These lesions may expand inward toward the
crown of the plant. Additional lesions may form on stems,
either from direct infection or from fungal growth up infected
pegs or leaves (Plate 43). Girdling of the stem is sufficient to
cause the loss of any pods between the lesion and the stem
terminal. Pods formed on the outer limbs are more likely to rot
or be shed at harvest, but the pathogen can also damage the
primary pod crop (Plate 44).

R. solani frequently destroys the tips of pegs or colonizes
pegs near the soil line (Plate 45). The fungus may subsequently
colonize attached pods at any time or simply cause their loss at
harvest by severing the peg. Rhizoctonia is a major component
of the peanut shell mycobiota, and shed pods remaining in the
soil have higher populations of Rhizoctonia spp. than those
harvested successfully. Infected pods have dry, dull-colored,
light to dark brown lesions (Plate 46) in contrast to the dark,
greasy-appearing lesions characteristic of Pythium myriotylum
infections. In fact, Rhizoctonia spp. may play a vital role in
peanut pod rot (see Peanut Pod Rot Complex).

Causal Organism ,

R. solani Kiihn (teleomorph Thanatephorus cucumeris
(A. B. Frank) Donk) is found wherever peanut is cultivated and
can be readily isolated from plants or soil. A severe foliar
blight caused by R. solani anastomosis group 1 (AG-1) has
been reported, and AG-2 isolates are sometimes weakly viru--
lent. However, AG-4 is the most common pathogen of peanut
(Fig. 42). R. solani AG-4 is highly virulent on seed and seed-
lings as well as on stems and foliage of mature plants.

Disease Cycle

R. .solani is well adapted for long-term survival in the soil
because of its ability to survive saprophytically on plant debris
and form abundant sclerotia in infected plant parts. Large
amounts of pods (630-778 kg/ha) are often left in the soil after
harvest. Isolates of R. solani AG-4 have been recovered from
peanut pods after 2 years in the soil, but populations fall sharp-
ly during the first year. The pathogen also has an extremely
wide host range consisting of approximately 500 plant genera,
although AG-4 is found primarily on members of Chenopo-
diaceae, Leguminosae, and Solanaceae. This enables the fun-
gus to infect and reproduce not only on various rotated crops,
‘but-also-on-a-multitude-of weed species (Plate 47). The addi-
tion of organic matter to the soil or exudates from a susceptible
host will stimulate sclerotia to germinate. The fungus can
penetrate the plant directly through the intact cuticle and epi-
dermis, by infection cushions, or may enter through natural
openings or wounds. Colonization of the plant is aided by
production of cellulolytic and pectic enzymes. Mechanical
injury-to-stems has-been clearly linked to increased limb rot
severity. Therefore, tractor traffic should be kept to a mini-
mum, especially after the plants have closed the row middles.
Also, overhead irrigation and excessive fertilization have been
shown to_increase limb rot severity. Disease severity is
probably most damaging either early season, when it promotes
excessive foliar growth, or late season, when the disease pro-
gresses most rapidly because of prolonged moisture under the
dense plant canopy.

Control

Rotation with grass crops reduces severity of many peanut
diseases, including those caused by R. solani AG-4, although
brace roots of corn are reported to be symptomless carriers of
AG-4. Other cultural practices such as deep plowing and
nondirting cultivation (i.e., dirt is not thrown into the crown
of the plant) are helpful in managing Rhizoctonia-induced
diseases. '

The recent registration of tebuconazole offers an effective
chemical control for Rhizoctonia limb rot. Other fungicides



such as flutolanil or fluazinam may be registered also. These
treatments will also reduce losses to Rhizoctonia-induced pod
rots but may not be active against other pod-rotting organisms
such as Pythium myriotylum and Fusarium solani. Foliar
sprays of flutolanil have been shown to reduce the incidence of
R. solani in peanut pods left in the soil. Adequate calcium
nutrition is known to be essential for pod rot management.
Combination chemical treatments containing carboxin, PCNB,
and captan provide some control of R. solani on seed and
seedlings, although stand reductions can still be significant in
cold, wet soils. Resistance to limb rot has not been available in
large-seeded peanut cultivars. Some resistance has been
reported in spanish-type peanuts. The recently released runner
cultivar, Georgia Browne, has good partial resistance to limb
rot.
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Rust

Rust is an economically important disease in most peanut-
producing countries of the world and causes substantial yield

- losses, particularly if the crop is also attacked by the leaf spot

pathogens Cercospora arachidicola and Cercosporidium per-
sonatum. During recent years, combined attacks by rust and
leaf spot have caused severe crop losses in many countries of
Asia and Africa and have all but eliminated commercial peanut
production in the Caribbean region and Central America. In the
People’s Republic of China, rust caused a 49% reduction in
pod yield and lowered the 100-kernel weight by 19%. Artifi-
cially induced rust epidemics caused up to 79% reduction in
pod yield in India. The disease is not a major limiting factor in
peanut production in the United States, with the exception of
southern Texas, where rust causes severe economic losses dur-
ing some years. Losses measured at two locations in Texas
were 77 and 86% from foliar diseases and 50 and 70% from
rust alone. Establishment of the disease early in the growing
season causes reduced pod fill and necessitates early harvest-
ing. In addition, hay yields are drastically reduced.

Symptoms

Rust can be easily recognized when the orange pustules
(uredinia) appear on the lower surfaces of peanut leaves and
then rupture to expose masses of reddish brown urediniospores
(Plates 48 and 49). In highly susceptible cultivars, the original
pustules may later be surrounded by colonies of secondary
pustules. Pustules may later be formed.-on the upper surfaces of
the leaflets opposite those on the lower surfaces. The pustules,
which develop on all aerial plant parts except flowers, are

Fig. 42. a-c, Multinucleate anastomosis groups of Rhizoctonia
Rhizoctonia-like fungi from peanut. (Courtesy D. Bell)

solani and d—f, binucleate Ceratobasidium anastomosis groups of
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usually circular and 0.5-1.4 mm in diameter. Pustules may also
form on shells of developing pods. Unlike the rapid defoliation
associated with leaf spots, leaves infected with rust become
necrotic but remain attached to the plant. Heavily infected
plants often appear pale green.

Causal Organism

Puccinia arachidis Speg. is the causal organism of peanut .

rust. The uredinial stage is the predominant and most com-
monly observed. The uredinia are pustular, scattered or irregu-
larly grouped, and round, ellipsoid, or oblong. They are subepi-
dermal in origin; covered by a thin, membranous, netlike
peridium; and blisterlike when immature, becoming erumpent,
powdery, and dark cinnamon brown when mature. The ruptured
epidermis is conspicuous. Urediniospores (Fig. 43) are broadly
ellipsoid or obovoid (23-29 x 16-22 um), have brown walls 1—-
2.2 um thick, and are finely echinulate, with echinulae 2-3 pm
apart (Fig. 44). Urediniospores usually have two germ pores,
which are nearly equatorial, often forming in flattened areas.

Telia, chiefly occurring on the lower sides of peanut leaves,
are scattered, prominent, naked, pulvinate, and chestnut brown
or cinnamon brown, becoming grayish from the germination of
spores. A ruptured epidermis is prominent. Teliospores (Fig.
45) are oblong, obovate, ellipsoid, or ovate with a rounded to
acute and thickened apex. They are constricted in the middle,
tapering gradually at the base or tapered and rounded at both
ends; smooth walled; predominantly two celled but sometimes
have one, three, or four cells; 38—42 x 14-16 pm; light or
golden yellow or chestnut brown; 0.7-0.8 um thick at the
sides; and 2.5-4.0 um thick at the top. The apical thickening is
almost hyaline. The pedicel is thin walled, hyaline, usually
collapsing laterally, and up to 35-65 um long but is usually de-
tached at the spore base. Teliospores germinate at maturity
without a dormancy requirement.

Fig. 43. Urediniospores of Puccinia arachidis.
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Spermagonia, aecia, metabasidia, and basidiospores have not
been reported for P. arachidis. ’

Because there is no knowledge of spermagonia, aecia, and
hosts that basidiospores will infect, the life cycle of peanut rust
is unknown and the taxonomic position of the fungus is
obscure. '

Disease Cycle and Epidemiology

Urediniospores are the main, if not the only, means of dis-
semination of this pathogen. There are a few authentic records
of the occurrence of teliospores in South America but none
from other countries. The pathogen is highly host specific.
There are no records of any collateral hosts of peanut rust
outside the genus Arachis. Urediniospores are short lived in
infected crop debris in the tropics, and the fungus is unlikely to
survive from season to season under postharvest conditions
that include a fallow period of more than 1 month between
successive peanut crops. The pathogen may survive from
season to season on volunteer peanut plants. Long-distance dis-
semination-of the pathogen may be by airborne urediniospores,
movement of infected crop debris, or movement of pods or
seed, the surfaces of which are contaminated with viable
urediniospores. There is no reliable evidence of peanut rust
being internally seedborne, and there is no authenticated report
of rust being spread by germ plasm exchange. Spread of the
organism within fields is facilitated by wind, rain splash, and
insects. Urediniospores can remain viable for several months
when stored at a low temperature (—16°C), but at a high tem-
perature (40°C), they lose viability within 5 days. The thermal
death point of urediniospores is 50°C for 10 min. The optimum
conditions for germination of urediniospores include tempera-
tures of 20-25°C and low light. Temperatures of 20~30°C and
free water-on the leaf surfaces- favor-infection-and- subsequent
disease spread. Plants of all ages are susceptible. The incuba-
tion period varies from 7 to- 20 days, depending on environ-
mental conditions and host genotype. Intermittent rains with
mean relative humidity above 87% and temperatures between
23 and 24°C for several days favor disease initiation. Continu-
ous dry periods with temperatures greater than 26°C and rela-
tive humidity below 75% delay rust infection and reduce dis-
ease severity.

Control
Wherever ‘possible; field management* should~ include -a
fallow period of at least 1 month between successive peanut

Fig. 44. Urediniospores of Puccinia arachidis with echinulation.
Bar = 15 pm. (Courtesy R. A. Taber)



crops. Eradication of volunteer peanut plants during this period
is important in reducing the primary source of inoculum. If
cropping systems permit, time of sowing should be adjusted to
avoid infection from outside sources and to avoid environ-
mental conditions conducive to the onset of an epidemic.
Existing plant-quarantine procedures should suffice to prevent
spread of the pathogen on pods or seed externally contami-
nated with rust spores to areas where the disease is absent.
Several fungicides and mixtures of fungicides have been
tested for control of rust or, more often, for control of rust and
leaf spot together. The dust formulations (copper, sulfur, and
copper plus sulfur) that were commonly.used for control of leaf
spot in the United States up to the 1960s also controlled rust,
but sprays of Bordeaux mixture and dithiocarbamates were
even more effective. The structurally related fungicides beno-
myl and carbendazim are effective against leaf spot but inef-
fective against rust. Tridemorph is effective against rust but not

against leaf spot. Chlorothalonil and tebuconazole are effective .

against both rust and leaf spot. It is obvious that any fungicide
treatment applied for control of rust must also be effective
against leaf spot, because the diseases frequently occur to-
gether.

Prior to 1977, there were only a few reports of research on
genetic resistance to peanut rust, but the rapid spread of rust
during the early 1970s and the increasing cost of disease man-
agement with fungicides have resulted in increased research on
genetic resistance to peanut rust. At the ICRISAT (Interna-
tional Crops Research. Institute for the Semi-Arid Tropics)
Asia Center in India, the world collection of more than 13,000
germ plasm accessions was screened for resistance to rust
during the period from 1977 to 1992, and more than 120 rust-
resistant germ plasm lines have been identified. Most of the
currently available rust-resistant genotypes originated in Peru,
which is believed to be one of the secondary “gene centers” of
cultivated peanut.

Most of the rust-resistant germ plasm lines are primitive
land races and have undesirable pod and seed characters. In
recent years, several high-yielding, agromomically superior
lines, with high Ievels of resistance to rust and moderate levels
of resistance to late leaf spot, have been developed and re-
leased for culiivation in India (e.g., ICGVs 86590, 87157,
87160, Girnar 1, and ALR 1). ICGV 87160 has also been
released in Myanmar (Burma).- High levels of resistance and
immunity to peanut-rust have-been found-in wild Arachis spp.
Cytogenetic research aimed at incorporating the rust resistance
from wild Arachis spp. into the cultivated peanut is in progress
in various countries. At the ICRISAT Asia Center, several

Fig. 45. Teliospores of Puccinia arachidis. (Courtesy J. F. Hennen)

stable, tetraploid or near-tetraploid lines derived from crosses
between the cultivated peanut and wild species have been
developed.

The rust resistance available in the cultivated peanut is the
“slow-rusting” type, i.e., resistant genotypes have an increased
incubation period, decreased infection frequency, and reduced
pustule size, spore production, and spore viability. On the basis
of field scores, rust resistance in cultivated peanut is reported
to be governed by two or three duplicate recessive genes. On
the contrary, in diploid Arachis spp., rust resistance appears to
be partially dominant. In crosses involving both cultivated and
interspecific derivatives, rust resistance was found to be con-
trolled by both additive and nonadditive gene action. Rust
resistance in most genotypes is stable over a wide range of
geographical locations except in a few locations, indicating
possible variation in the pathogen.

Several mycoparasites of the peanut rust pathogen have been
reported, and mycophagous insects may feed on urediniospores
of peanut rust. However, no serious attempts have been made
to use any of these organisms in biological control of peanut
rust at the field level.
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Scab

Peanut scab was first observed in Sdo Paulo, Brazil, in 1937
with subsequent reports in Brazil during 1941 and 1961 and in
the Argentinian provinces of Corrientes (1966) and Cérdoba
(1975). Cérdoba produces 99% of the peanut crop in Argen-
tina. Scab has also been reported in the Chiba prefecture of
Japan and in Swaziland. The mode of distribution of the scab
pathogen to Africa, Asia, and South America has not been
determined.

Symptoms

Symptoms first appear on leaves and petioles near the top of
the plant. Numerous small, chlorotic spots, usually less than 1-
mm in diameter, often form on the adaxial and abaxial leaf
surfaces and are either uniformly distributed or clustered near
the midvein. Spots on the adaxial leaf surface are light tan with
raised margins and sunken centers, while spots on the abaxial
surface are darker and not raised. Spots have a maximum
diameter of 2 mm and coalesce near the midvein. Plant tissue
becomes necrotic and torn, and leaf margins curl upward,
resulting in-additional tearing of tissue.

33



Spots on petioles and stems are larger and more irregular
than spots on leaves and lead to development of cankers (Plate
50). As the disease progresses, lesions coalesce, plants are
stunted, petioles and stems are sinuous, and lesions become
corky and cover nearly all plant parts (Fig. 46 and Plate 51).
Plants with numerous cankers appear to be burned.

Causal Organism

Sphaceloma arachidis Bit. & Jenk. is the causal pathogen of
peanut scab. Acervuli (300 x 45 pm) are amphigenous, numer-
‘ous, effuse, and sometimes pulvinate and erumpent. Conidio-
phores (8-11 x 3-5 pm) are hyaline, globose, and conical and
arranged in aggregations resembling a palisade. Conidia (9-17
x 2.5-3 pm) are hyaline and mainly unicellular. Microconidia
are approximately 1 pm in diameter. Growth of S. arachidis on
potato-dextrose agar is slow at 22°C and occurs in convoluted
colonies with dark red areas. On host tissue, lesions are dark
olive with a velvet appearance.

Control
Several cultivars including Colorado Manfredi, Colorado
Commun, and Colorado Irradialis INTA have partial resistance to
S. arachidis. In Brazil, 15 of 639 breeding lines were resistant.
Because the pathogen survives in crop residue, crop rotation
may reduce disease progress. Effective disease management
can be obtained with benomyl.
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Fig. 46. Symptoms of scab caused by Sphaceloma arachidis.
Note characteristic sinuous stem. (Courtesy L. Giorda)
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Sclerotinia Blight

Sclerotinia blight, first observed on peanut plants in Argen-
tina in 1922, is now present in most peanut-producing coun-
tries of the world. It was first observed in the United States in
Virginia in 1971, thereafter spreading to North Carolina, Okla-
homa, and Texas. By 1982, Sclerotinia blight was considered
the most important disease of the peanut in Virginia and Okla-
homa (Plate 52). Yield losses of 10% are common, In areas of
fields showing severe symptoms of disease, 1,500-2,000 kg of
pods per hectare often remain in the soil after harvest. In such
fields, pod losses often exceed 50% of expected yield.

Symptoms

The first obvious symptom of Sclerotinia blight is the rapid
wilting or flagging of the tips of infected branches. Initial
infections are characterized by small, light green, water-soaked
lesions on stems near the soil line. Older lesions appear
bleached or straw colored with a distinct demarcation zone
between infected and healthy tissues. Foliage of infected
branches becomes chlorotic, turns dark brown, and withers.
Once the stem is girdled, the branch dies. These symptoms
result in the blight appearance for which the disease is named.

White, fluffy mycelium develops on diseased tissue (Plate
53), especially during periods of high humidity. Another symp- .
tom characteristic of Sclerotinia blight is the shredding of in-
fected branch and peg tissue (Plate 54). Severe peg infection
results in significant pod losses at harvest.

Sclerotial production on and in infected plant parts is a
characteristic sign of this disease. Sclerotia form on infected
branches (Plate 55), leaflets, pegs, and pods and inside
branches, pegs, pods, and roots (Plate. 56).

Causal Organism

Sclerotinia minor Jagger is the causal agent; however, on
rare occasions S. sclerotiorum (Lib.) de Bary also is found
(Fig. 47). In artificial inoculations, either species can produce
typical blight symptoms. Apothecia of S. minor are rarely
observed in soils during the growing season (Plate 57) but
appear during February and March or midfall on the soil sur-
face. Apothecia are pale orange to white and have concave or
flat tops. A single sclerotium can produce one to several apo-
‘thecia;-which-range-up-to-6-mm-or more in diameter. Asci.con-
tain eight hyaline ascospores measuring 8-17 x 5-7 um.

The mycelium of S. minor is white and fluffy. Sclerotia have
a black outer rind and a white inner cortex. They are small
(0.5-3 mm), black, and irregularly shaped. Spermatia, pro-
duced on phialides, are globose, hyaline, and 3-4 pm in diam-
eter. Their role in disease development is not known.

Fig. 47. Cultures of Sclerotinia minor (left) and S. sclerotiorum
(right) growing on potato-dextrose agar. '



Disease Cycle

S. minor overwinters as sclerotia. Viable sclerotia have been
found in soil throughout the plow layer (the top 20 cm) of
fields with a previous history of Sclerotinia blight but not
planted to peanuts for 4 years. Under favorable environmental
conditions (17-21°C, high soil moisture, and relative humidity
above 95%), sclerotia of S. minor germinate myceliogenically.
The life cycle of S. minor is provided in Figure 48. Plant tis-
sues, branches, pegs, pods, and leaflets near or in contact with
the soil and lying adjacent to a germinating sclerotium are
infected by fast-growing, white mycelia. Before it penetrates
the peanut stem, S. minor produces infection cushions (Plate
58). As disease progresses, infections occur in the plant canopy
above the soil surface. Senescing or mechanically injured leaf-
lets and stems can be colonized readily by S. minor. However,
this is not a prerequisite for infection, since disease can be-
come severe in healthy, vigorously growing plants.

Infection by S. minor is favored by cool conditions (18°C),
moist soils, and high relative humidity (95-100%). Optimum
sclerotial germination occurs at a pH of 6.5. Under favorable
environmental conditions, white, fluffy mycelia can be seen on
infected plant parts as well as on the soil surface. Sclerotia are
produced abundantly on infected plant parts. The number of
sclerotia at harvest often exceeds one sclerotium per 4 g of soil
in areas exhibiting severe symptoms of Sclerotinia blight.
Although sclerotial couiits declirie throughout the wintet, more
than enough viable sclerotia survive to propagate the disease
during the following year. One sclerotium per 100 g of soil is-
sufficient to cause severe disease. Transmission of S. minor

through peanut seeds is considered negligible, provided seeds:
are properly picked (which includes removal of damaged

seed), screened (15/64-in. screen), and treated with a recom-
mended seed treatment.
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Control

High-quality peanut seed treated with chemical protectants
should be planted to ensure against the low possibility of seed
transmission of S. minor. Minimizing the injury of peanut
vines by machinery is highly recommended. The use of resis-
tant cultivars is highly desirable and profitable. Recently
released peanut cultivars including Virginia 81B, Virginia 93B,
Tamspan-90, and Southwest Runner possess resistance to S.
minor. The use of fungicides can also aid in reducing losses.
Excessive irrigation is not advised at any time during the
growing season when cool conditions prevail. Some fungicides
applied for the control of leaf spot (Cercospora arachidicola
and Cercosporidium personatum) may increase the severity of
Sclerotinia blight. Sclerotia are often colonized and destroyed
by an array of soilborne fungi. Trichoderma spp., Gliocladium
spp., and Penicillium spp. can be easily isolated from sound
sclerotia and might be used as biocontrol agents (Plate 59).
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Stem Rot

Stem rot of peanut, also known as white mold, southern stem
rot, southern blight, and Sclerotium rot, is found in virtually all
major peanut-growing areas of the world. Damage is easily
seen during warm, wet weather, since a single infection site
will often kill several adjacent plants. Disease incidence is
often determined by counting the number of disease loci (30
cm or less of row length with dead or diseased plants). There is
a strong negative correlation between numbers of disease loci
per unit row length and yield, but the slope of the line varies
from year to year, primarily because damage to pods and stems
is environmentally driven. Yield losses typically do not exceed
25% but may be as great as 80%. This disease causes the
greatest yield losses of all diseases of peanut in the United
States. Losses to stem rot average 7-10% annually in the
southeastern United States but are usually much lower in the
southwest and Atlantic states.

Symptoms

Stem rot does not usually occur until midseason when the
foliage has covered the row middles. The first obvious symp-
tom of the disease is the yellowing and wilting of a lateral
branch, the main stem, or the entire plant. Sclerotium rolfsii
produces large amounts of oxalic acid, a phytotoxin that
produces a purple stain on seed and is responsible for chlorosis
and necrosis of foliage during the early stages of disease
development. Sheaths of white mycelium can be seen at or
near the soil line around affected plant parts (Plate 60). The
mycelium grows rapidly under favorable environmental condi-
tions and quickly spreads to other branches and plants. Spheri-
cal sclerotia (0.5-2.0 mm in diameter), produced abundantly
on affected plant parts and the soil surface, are initially white
but later turn dark brown (Plates 61 and 62). Lesions produced
on the basal areas of branches and on pegs are initially light
brown, become dark brown as disease develops, and do not ex-
tend more than 2-4 cm above the soil surface. Infected pods
are usually rotted and tan to brown with a wet, spongy texture
and may occur on plants without any visible aboveground
symptoms (Plate 63). Infected pods often will be covered with
soil clinging to mycelium on the pod surface (Plate 64).

Causal Organism

Stem rot is caused by S. rolfsii Sacc. The fungus grows well
on a wide range of culture media and is characterized by the
presence of white mycelium and hard, round, brown sclerotia,
which are larger when produced in potato-dextrose agar cul-
tures than in the field (Fig. 49). The fungus does not produce
asexual spores. The basidial stage, Athelia rolfsii (Curzi) Tu &
Kimbrough, is rarely seen in the field or in culture. When it
does develop, A. rolfsii produces an exposed hymenium bear-
ing clavate basidia and hyaline, pyriform basidiospores (1.0—
1.7 x 6-12 pm). Considerable diversity in traits such as growth
rate, virulence, and sclerotial production have been found, even
among single-basidiospore strains (presumed homokaryons)
from one parental isolate. At least 42 different mycelial com-
patibility groups have been used to classify S. rolfsii, although

recent studies of peanut isolates from Texas indicate the pres-

ence of many more.
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Disease Cycle ,

S. rolfsii has a broad host range of more than 200 plant
species. The pathogen can colonize either the living plant or
plant debris. Disease severity in sugar beets (Beta vulgaris L.)
is a function of sclerotial population size; but in peanuts, the
populations required to produce severe disease are so low that
current quantification methods are insufficient to measure
them. Deeply buried sclerotia survive a year or -less, while
those near the soil surface remain viable for many years.

Because S. rolfsii has a high demand for oxygen, over-
wintering sclerotia are activated only when they occur in the
upper regions of the soil. In soils that crack deeply when dry
(e.g., vertisols), oxygen can penetrate deep into the soil profile
allowing pod and root rots that would not occur if the same
soils were wet. Sclerotia also germinate in response to alcohols
and other volatiles released from decomposing leaves. Shed
leaves can also serve as a bridge to facilitate plant-to-plant
spread.

Control of peanut leaf spot can indirectly increase stem rot
severity. Maintaining a complete canopy creates a moist sub-
canopy environment that is conducive to disease development
and may also intercept fungicides, directly or indirectly affect-
ing S. rolfsii.

Control '

Control of stem fot begins with prevention of inoculum
buildup. Deep plowing serves to bury crop debris, which
serves as a saprophytic food base, and sclerotia, which do not
survive as well deeper in the soil. Cultivation for weed control
will reduce disease buildup if growers are careful to prevent
the movement of soil onto the plant crown or lateral stems.
Crop rotation is a very effective practice, but long rotations (3—
4 years) are required if a severe infestation has-already-devel-
oped. Grass crops such as corn, grain sorghum, or pasture
grasses are particularly effective. Weed control is. essential in
any rotation, including fallow, because of the wide host range
of the fungus.

Pesticides can influence the development of stem rot. Beno-
myl can actually increase the severity of stem rot by reducing
levels of Trichoderma spp., a natural biological control agent.
The dinitro herbicides and the insecticides ethoprop, fensuifo-
thion, and chlorpyrifos are all reported to suppress the severity
of stem rot. Chlorpyrifos has been used extensively for this
purpose and also provides control of the lesser cornstalk borer,
Elasmopalpus lignosellus (Zeller).

_ Fig. 49. Culture of Sclerotium rolfsii on potato-dextrose agar with
characteristic sclerotia. (Courtesy D. M. Porter)



PCNB and carboxin have been used for many years in the
United States to suppress stem rot. They offer no more than
50% contro} and are used as either granules or liquid delivered
via irrigation water. Tebuconazole, registered for use on pea-
nuts in the United States in 1994, provides a level of control
superior to that achieved with previously registered products.
Tebuconazole and several other triazole-type, sterol-inhibiting
fungicides have given greater than 80% control of stem rot at
seasonal use rates of less than 1.0 kg/ha. These treatments are
applied either in a block at midseason or as full-season tank
mixes with chlorothalonil. The triazoles generally have excel-
lent activity against foliar pathogens as well, and propicona-
zole was registered for that purpose in 1994. Propiconazole has
been shown to be most active against stem rot when applied
via chemigation, but control is still moderate at best. Flutolanil
is a systemic fungicide that is not a triazole but also offers
excellent control of stem rot. This experimental fungicide is
usually applied as a tank mix with chlorothalonil once or twice
during midseason. It has little activity against leaf spot, and
therefore full rates of chlorothalonil are required. Several other
new fungicides have shown promise for stem rot control but
are not yet registered. Both disease control and the related
yield increases can be dramatic with these products where
disease incidence is high (Plate 65).

Biological control with the antagonistic fungus Trichoderma

harzianum Rifai has successfully suppressed stem rot severity; -

with control levels similar to those of PCNB. Commercializa-
tion of this agent has not been successful because of the diffi-
culty of delivering a viable formulation to the field.

Until recently, onlty low levels of tolerance to stem rot had
been reported in peanut germ plasm. Generally, genotypes with
a more erect growth habit had less disease than cultivars with a
spreading growth habit. However, Southern Runner produces a
heavy, spreading canopy, and its disease incidence is about
one-half' that of Florunner, the current predominant cultivar.
Georgia Browne has resistance comparable to that of Southern
Runner, and recent studies have identified germ plasm with
even higher levels of resistance.
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Thermophilic Fungi

Thermophilic fungi have been isolated from peanut and pea-
nut field soils in nine counties in Texas and three counties in
Oklahoma. Thermophiles are defined as those fungi that have a
maximum temperature for growth at or above 50°C and a mini-
mum temperature at or above 20°C. Species isolated include
Mucor pusillus Lindt, Humicola lanuginosa (Griffon & Maubl.)
Bunce (syn. Thermomyces lanuginosus Tsiklinsky), Talaro-
myces (Penicillium) dupontii (Griffon & Maubl.) Emerson
Apinis, Thermoascus aurantiacus Miehe, Malbranchea pul-
chella Sacc. & Penzig var. sulfurea (Miehe) Cooney & Emer-

son, Aspergillus fumigatus Fresen. (considered to be thermo-
tolerant), Thielavia albomyces (Cooney & Emerson) Malloch
& Cain, Sporotrichum sp., and Chaetomium sp. as well as
numerous actinomycetes and bacteria. Discoloration of shells
and seed is associated with several of these fungi.
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Verticillium Wilt

The first report of Verticillium wilt in peanut was from Asia
in 1937. The disease was reported in Australia in 1945 and in
the United States (New Mexico) in 1985. It occurs in other
peanut-growing countries, and although yield reductions of
60% have been reported in Argentina, it is not considered a
serious worldwide production consiraint. Verticillium wilt of
peanut is found in all peanut-producmg areas of ‘the United
States and has increased since 1970, but the disease is of
economic importance only in New Mexico and Oklahoma. The
occurrence of Verticillium wilt in Oklahoma in 1994 was
widespread and severe in some fields. Data on yield losses in
peanut in the United States caused by Verticillium wilt are not

. yet available.

Symptoms

The-first symptoms of Verticillium wilt may appear as
early as flowering but generally occur during pod fill (Plate
66). Early symptoms appear on leaves and consist of mar-
ginal chlorosis, loss of turgidity, and curling. As foliar symp-
toms progress, general yellowing, marginal leaf necrosis
(Plate 67), wilting, defoliation, stunting, and dehydration of
infected plants precede plant death. Symptoms intensify most
rapidly under conditions of moisture stress and daytime air
temperatures above 26°C. With adequate moisture, infected

- plants may exhibit moderate wilt symptoms and live to matur-

ity. Infected plants usually mature earlier than noninfected

- plants.

Internal symptoms consist of light brown to tan vascular
discoloration in crowns and stems (Plate 68). When wilt symp-
toms are severe, vascular discoloration also occurs in the roots
and petioles (Plate 69). In a greenhouse study, the root mass of
Verticillium-infected plants of the spanish cultivar Tamnut-74
was reduced by 50%.

Causal Organisms

Verticillium dahliae Kleb., a soilborne fungus, is considered
the primary causal agent of Verticillium wilt of peanut. How-
ever, V. albo-atrum Reinke & Berthier has also been implicated
as a pathogen. Both species are widespread and are the two
most important vascular wilt pathogens within this genus. They
attack a wide range of hosts in more than 36 plant families,
including many important herbaceous and woody plants. The
two species have different temperature requirements and mor-
phology. V dahliae grows at 32°C and forms melanized micro-
sclerotia that range in size from 50 to 200 um (Fig. 50A). V.
albo-atrum grows better at temperatures below 32°C and does
not produce microsclerotia but does form thick-walled, dark
mycelium (Fig. 50B).

The conidial stages of V. dahliae and V. albo-atrum are
similar. When grown on potato-dextrose agar, V. dahliae
produces white, fluffy, aerial mycelium with slender, often-
branched conidiophores, which are usually arranged in
whorls. ‘Conidia (3 x 6.5 um) are hyaline, unicellular, ovoid
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to ellipsoid, and borne singly or in small clusters - apically
(Figs. 51 and 52). Microsclerotia form in 1 week at 20°C.
White mycelial sectors, often devoid of microsclerotia, some-
times develop.

Disease Cycle

V dahlige survives in soil mainly as pigmented micro-
sclerotia capable of withstanding environmental stress over
prolonged periods, sometimes for several years. Microsclerotia
are formed abundantly on or in all infected plant parts, includ-
ing stems, pegs, pods, and roots (Plate 70). When infested
peanut debris decomposes, microsclerotia are released into the

Fig. 50. Formation of resting structures. A, Microsclerotia of Verti-
ciflium dahliae and B, dark mycelium of V. albo-atrum.

Fig. 51. Verticillate branching- of Verticillium.- conidiophores. in
water mount (A) and bearing clusters of conidia (B).
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soil, either freely or embedded in debris pieces, and remain
dormant until peanut or other host root exudates stimulate them
to germinate. Infection occurs through the roots, and the fun-
gus spreads throughout the vascular system. A recent field
observation in Oklahoma on a runner-type cultivar suggests
that the interaction of the northern root-knot nematode and
the Verticilium wilt pathogen can produce severe wilt
symptoms.

V. dahliae spreads within and between fields by movement
of soil or infested debris carrying microsclerotia on farm
machinery from infested to noninfested areas. The pathogen.
can also be spread by wind and water movement of infested
soil and infected tissue. Another possible means of dissemina-
tion of V. dahliae is by infected peanut seed. One to four
percent of peanut seed harvested from field-grown plants that
exhibited 50% wilt incidence carry V. dahliae. However, seed
transmission of Verticillium in peanut has never been docu-
mented.

Control

Severity of Verticillium wilt is increased by high temper-
atures and moisture stress. Infested fields should be irrigated
more frequently to reduce wilt symptoms and allow plants to
mature. Use of Verticillium-free seed also is recommended.
Weed control might aid in alleviating the incidence of Verti-
cillimm wilt, since some weeds are also susceptible to V.
dahliae.

Peanut following nonhost crops such as grain sorghum or
Sudan grass develop less wilt than peanut following susceptible
crops such as cotton, okra, or peanut. Control of root-knot
nematodes may reduce severity of wilt symptoms. Removing
and burning infected crop. residues reduces_the inoculum den-
sity of the pathogen in field soil.

Fig.-52. Clusters.of conidia on conidiophores of Verticillium albo-
atrum. (415x) (Courtesy F. Uecker)



Chemical control of Verticillium wilt of peanut has not been
effective in the United States. In Israel, the disease has been
effectively controlled in sandy soil with metham sodium ap-
plied by sprinkler irrigation.

No cultivars of peanut are resistant to Verticillium wilt.
Valencia and spanish peanuts are more susceptible to Verti-
cillium wilt than bunch or runner types. In Israel, where
Verticillium wilt is a problem, several breeding lines resistant
to Verticillium have been developed.
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Web Blotch

Web blotch of peanut occurs in many peanut-growing areas
throughout the world, although its economic importance varies
from country to country. It has been reported from Angola,
Argentina, Australia, Brazil, Canada, China, Japan, Lesotho,
Malawi, Mauritius, Nigeria, South Africa, Swaziland, Zambia,
Zimbabwe, the United States (initially in Texas and subse-
quently in Florida, Georgia, New Mexico, Oklahoma, and Vir-
ginia), and the former Soviet Umon It is one of the most
1mportant foliar diseases of peanut in the Vaalharts and Natal
regions of South Africa; in Zimbabwe, especially at high ele-
vations and on irrigated, long-season cultivars; and in the United
States. on._valencia-type peanuts in western Texas and New
Mexico. In Zimbabwe, losses of approx1mate1y 10% of yield can
be directly attributed to web blotch. Losses in New Mexico reach
50% in some years, and the disease can have a heavy impact on
the quality of valencia peanuts marketed in-shell.

"~ Web blotch is often referred to as net blotch because of the
netlike appearance of the lesions. It is also known as Phoma
leaf spot, Ascochyta leaf spot, and muddy spot.

Symptoms

The first signs of web blotch are small, dark brown or tan
blotches (the color depends on the type of peanut) or netlike
brown lesions (Plate 71) on the adaxial surfaces of leaves
under a dense canopy or under conditions of high humidity.
These blotches become more numerous and enlarge to form
dark brown, roughly circular lesions with irregular margins
(Plate 72). As lesions mature, they become darker with dull,
rough surfaces and may completely cover the upper surface of
the leaf. At this stage, small blotches may be visible on the
lower surface. The leaf becomes brittle and is liable to dis-
integrate and detach from the plant (Plate 73).

Causal Organism

Web blotch is caused by Phoma arachidicola Marasas, G. D.
Pauver, & Boerema. The nomenclature of the anamorph is
confusing, because the fungus was previously assigned to the
genus Ascochyta (A. arachidis Woronichin and A. adzamethica

Schoschiaschvili). The teleomorph has also been assigned to
various taxa, including the genera Mycosphaerella (M. arach-
idicola Jenk. non Chochrjakov and M. argentinensis Frezzi),
Didymosphaeria (D. arachidicola (Choch.) Alcorn, Punith., &
McCarthy), and Didymella (D. arachidicola (Choch.) Taber,
Pettit, & Philley), or considered to be none of these. Confusion
over placement of the teleomorph centers around interpretation
of the identity of sterile elements in the pseudothecium (Fig.
53) and differences in opinions on development of pigmenta-
tion of the ascospores. Didymella arachidicola is the most
commonly used holomorph classification.

Pycnidia of P. arachidicola are pale to dark brown, separate,
globose to flask shaped, ostiolate, amphigenous, and immersed
in the necrotic leaf spots. Pycnidiospores are not readily visible
but can be seen distinctly in cleared (in KOH) and stained leaf
tissue (Fig. 54). Size varies with the substrate and isolate, but
in general, they are 85-240 pm in diameter. Conidia are formed
in: basipetal succession on short, conidiogenous cells and,
under humid conditions, are exuded through the ostiole as
light-colored droplets. Conidial sizes vary with the substrate
and septation. One-celled, obovoid conidia (4-9 x 2.5-4 um)
are produced in culture, while on host material, spores may be
larger (7-18 x 3-6 pm ) and a large proportion of them are
septate. Conidial sizes are also influenced by temperature—the
lower the temperature the larger the conidia. Colonies of P.
arachidicola on malt agar at 25°C are dark grayish olive. They
may be loose and felty or closely appressed at the periphery.
The hyphae are 2-8 pm in diameter, olivaceous to brown, and
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Fig. 53. Pseudothecia of the web blotch fungus, Phoma arachidi-
cola. (Courtesy R. Taber)

Fig. 54. Pycnidiospores (arrows) of Phoma arachidicola. (Cour-
tesy R. Taber)
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septate. Some isolates form dark, one- to multicelled chla-
mydospores (7-19 x 8-20 um) both on aerial and submerged

mycelia. Colonies on potato-dextrose agar are appressed and.

creamy white. A dark brown color develops as the fungus pro-
duces pigmented chlamydospores either in clusters or in chains.
If the temperature is lowered to 18°C under near-ultraviolet light,
concentric rings of pycnidia appear after 5 days in cultures on
either medium. The teleomorph is not common in naturally
infected tissue or in culture but can be induced to form on
detached leaflets under high humidity by some isolates.

Pseudothecia (65-154 pm in diameter) are dark brown, sub-
globose to globose, short beaked or unbeaked, and usually
immersed in the substratum. Cell walls are mostly isodiametric
and angular to round. Asci are hyaline, cylindric to somewhat
clavate, mostly with a differentiated foot, eight spored, and
distichous. Ascospores (13-17 x 4.5-6.5 um) have one septum
and are smooth and at first hyaline, becoming dark with
maturity. The upper cell of the ascospore is broader and more
sharply tapered than the lower.

Disease Cycle

Web blotch development is generally more severe under
cool, moist conditions and is more common on irrigated than
on rain-fed crops. Prolonged leaf wetness periods at temper-
atures of 15-21°C favor disease development. P. arachidicola
survives in infected crop residues or on volunteer peanut
plants. Pycnidia and, in some cases, pseudothecia develop on
fallen leaves and provide the initial inoculum to infect sub-
sequent peanut crops. Germ tubes penetrate the cuticle directly,
and small infection pegs form near the germinated spores. Net-
works of individual hyphae ramify between the cuticle and the
epidermis and kill adjacent cells, resulting in the web symp-
tom. Hyphae can also penetrate subepidermal tissue, and pro=
liferation of hyphae and subsequent extensive cell necrosis
produce typical blotch symptoms.

Control

Crop rotation and management of infected crop debris and
volunteer peanut plants assist in eliminating primary sources of
inoculum. Under conditions that favor severe web blotch infec-
tion, foliar fungicide sprays are very effective. A computer
model to predict disease onset for efficient fungicide applica-
tion has been developed. When present, early leaf spot, which

Woodard, J. A., and Liddell, C. M. 1993. Practical implementation of
BLOTCHCAST, a weather-driven predictive model of web blotch in
New Mexico valencia peanuts. (Abstr.) Phytopathology 83:1362.

(Prepared by D. L. Cole and C. Liddell)

Yellow Mold and Aflatoxin

Invasion of plant products by the yellow green molds Asper-
gillus flavus and A. parasiticus is a worldwide problem, espe-
cially in tropical and subtropical latitudes. Peanuts, corn, cot-
ton seed, and tree nuts are particularly susceptible to invasion,
both in the field and during storage. The toxicity of these fungi
was first recognized in Great Britain in 1960 when turkey
poults fed a protein supplement containing Brazilian peanut
meal developed a syndrome originally called turkey X-disease.
Investigations of the symptoms led to the discovery of the
highly carcinogenic aflatoxins B,, B,, G, and G,; B; is the
most toxic to mammals. It has subsequently been postulated
that cyclopiazonic acid, another mycotoxin produced by A.
flavus, may have been responsible for several of the symptoms
in the early reports of turkey X-disease not characteristic of
aflatoxin poisoning. .

The International Agency for Research on Cancer-has classi-
fied aflatoxin as a probable human carcinogen. The U.S. Food
and Drug Administration permits maximum aflatoxin levels of
20-300 and 20 ppb in peanut products destined for animal and
human consumption, respectively. In other countries, accept-
able maximum aflatoxin levels for foods range from 0 to 50
ppb (5 ppb is the most common) and maximum levels for
animal-feeds from -10-to: 200 ppb:

Peanut seed and their products are assayed for aflatoxin by
grinding a sample and using a solvent mixture such as
methanol and water for extraction. Aflatoxin is then directly
measured by use of an immunoassay; or tlie extract is passed
through a column, and aflatoxin is quantified by thin-layer
chromatography or high-performance liquid chromatography.

Symptoms
Symptoms of severe drought stress in peanut plants, includ-
ing permanent wilting of the foliage, receding of the canopy

web blotch because it induces the production of phytoalexins
in peanut leaves. Germ plasm resistant to web blotch is being
included in breeding programs, but no commercial cultivars are
yet available.
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between tows, and shedding “of léaves, “indicate’ conditions
favorable for preharvest aflatoxin contamination of the seed.
Harvested pods may reveal extensive insect damage, some-
times with visible yellow green sporulation of the causal fun-
gus at the points of injury. Infected seed often exhibit areas of
brown or yellow discoloration that may also be associated with
external sporulation of the fungus (Plate 74). However, consid-
erable invasion and aflatoxin contamination commonly occur
without visible sporulation. Concealed damage, in which the
inner lumen between the cotyledons is filled with conidial
heads, can be detected only by splitting the seed in half (Plate
75).

High levels of infection by A. flavus in peanut seed may
result in preemergence rotting of the seed and seedlings, a
condition known as yellow mold. Brown, necrotic lesions with
sporulating A. flavus are present on the cotyledons, radicles,
and hypocotyls of ungerminated and germinated seed.
Emerged seedlings also exhibit necrotic lesions on the cotyle-
dons, and the plants are stunted and chlorotic and have poorly
developed root systems.

Causal Organisms

Conidia-bearing structures (conidiophores) of A. flavus
Link:Fr. and A. parasiticus Speare arise from septate, vege-
tative hyphae. The nonseptate, rough-walled stipe is swollen’
terminally to form a globose to subglobose vesicle. Phialides
may be borne directly on the vesicle (uniseriate condition) or



may arise from metulae that cover the vesicle surface (biseriate
condition). The vesicle, metulae when present, phialides, and
chains of conidia comprise the head (Fig. 55). The heads of A.
parasiticus are predominantly uniseriate. In A. flavus, seriation
is more variable; usually at least 20% of the heads are bi-
seriate, but a small percentage of isolates are almost entirely
uniseriate. Conidia are globose to ellipsoidal and 3-6 pm in
diameter. The texture of the conidial wall is the best means of
distinguishing the two species: conidia of A. flavus are nearly

smooth to finely roughened while those of A. parasiticus are

distinctly roughened. In addition, when colonies are grown on
Czapek’s agar medium, conidia of A. flavus are yellow green to
gray green en masse whereas those of A. parasiticus are dark
green (Plate 76). Isolates of either species may produce dark
brown to black sclerotia. A third, related aflatoxin-producing
species, A. nomius Kurtzman, Horn, & Hesseltine, has been
reported only rarely from peanut commodities. Morpho-

logically, A. nomius resembles A. flavus, differing primarily in.

the formation of elongate sclerotia.

A. flavus typically produces aflatoxins B, and Bz in 40-80%
of isolates, whereas nearly all isolates of A. parasiticus pro-
duce aflatoxins By, B,, Gy, and G,. Furthermore, A. flavus often
produces cyclopiazonic acid, which has not been reported from
A. parasiticus.

Disease Cycle

Inocula of A. flavus and A. parasztzcus are present in soil as
conidia and sclerotia and in plant debris as mycelium. Popula-
tions of the two species together in fields under peanut culti-
vation may exceed 5,000 colony-forming units per gram of
soil. These fungi are saprophytic on plant debris in soil and are
potential facultative parasites of peanut seed. A. flavus appears

"to be more aggressive than A. parasiticus in the preharvest
invasion of seed, although more aflatoxin may be attributed to
A. parasiticus (on the basis of the presence of G aflatoxins) in
peanut seed than in aboveground crops such as corn and cotton
seed.

The two most, important conditions that favor preharvest
invasion and aflatoxin contamination of peanut seed are exces-
sive heat (a mean soil temperature 0f 27-30°C) and prolonged
drought stress during the last 3—-6 weeks of the growing season.
The leaf canopy of the peanut plants recedes during drought,
which further increases soil temperatures and evaporation of
soil moisture. As the peanut séed lose moisture and eventually
attain a water activity of approximately 0.95, phytoalexin syn-
thesis ceases and fungal growth is no longer inhibited. Hence,
preharvest peanut seed are:most susceptible to invasion and
aflatoxin contamination at water activities-of 0.90-0.95. Below
a water activity of 0.90, fungal growth is greatly restricted
because of the reduced availability of moisture but ceases only
when the water activity is less than 0.80. Mature peanut seed
apparently have an additional resistance factor, which may
account for the greater invasion by A. flavus and A. parasiticus
as well as the higher levels of aflatoxin in smaller, immature
seed.

Much of the aflatoxin in preharvest peanut.seed can be

_attributed to insect damage, particularly the activities of ter-
mites in Asia and Africa and the lesser cornstalk borer, Elas-
mopalpus lignosellus (Zeller), in the United States. Damage by
lesser cornstalk borers is favored by the hot, dry conditions that
also promote aflatoxin contamination. Wounding of pods
involves either direct penetration, in which the seed is often
damaged, or external scarification. Insects transmit A. flavus
and A. parasiticus to the wound sites, and damage to the seed
by their feeding encourages rapid colonization by aflatoxigenic
fungi. Seed may also become infected without visible damage
to the pod. In such instances, the route of invasion is not
understood, although it has been suggested that invasion first
occurs in the ovary of the aerial peg or, alternatively, by way of
the funiculus of the developing pod.

Peanut seed that become contaminated under conditions of
drought stress may show an increase in aflatoxin when plants
are dug and inverted in the windrow for drying if the seed
become rehydrated by rainfall for an extended period. Other-
wise, noncontaminated seed from sound pods do not appear to
be invaded during windrow drying. Improper storage of the
seed may further increase the risk for aflatoxin production.
Conditions important for aflatoxin formation during storage
include moisture, temperature, and the condition of the seed. In
general, aflatoxin is produced at relative humidities greater
than 83% (seed moisture content of 10.5-11.0%) and at tem-
peratures of 12-42°C (optimum 20-35°C).

Control

TIrrigation alleviates drought stress of plants and is the best
contro! measure for minimizing aflatoxin contamination in the
field. Where irrigation is not available, the problem may be
reduced by early harvest during drought before contamination
becomes extensive. Control of insects also lowers the inci-
dence of damaged seed that contain high levels of aflatoxin,
but drought conditions limit the use of most insecticides, which
require moisture to be effective. Preemergence rotting of seed
and seedlings caused by A. flavus is best avoided by planting
noninfected, h1gh-quahty seed.

Proper storage in the warehouse will prevent further con-
tamination of peanut seed with aflatoxin. Seed should be pro-
tected from rehydration caused by intense insect activity, leaky
roofs, or moisture condensation resulting from temperature
fluctuations. Good ventilation and adequate roof and wall insu-
lation will limit condensation in the warehouse.

Fig. 65. Conidiophore of Aspergillus flavus.
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Aflatoxin is not uniformly distributed in a contaminated seed
lot, and early removal of high-risk seed, such as those that are
damaged, immature, or loose (shelled during combining opera-
tions), can eliminate more than 95% of the aflatoxin during
processing. Methods of removing high-risk seed include 1) re-
moval of loose seed and small pods with a high-capacity belt
screen; 2) separation of small, immature seed after shelling by

use of vibratory screens; 3) density separation, in which.

lighter, aflatoxin-contaminated seed are separated on gravity
tables; 4) electronic color sorting, which removes seed dis-
colored by fungal colonization; and 5) blanching, in which the
outer seed coat, or skin, is removed to further expose discolor-
ations that can be detected by electronic color sorters. Seed
from these high-risk categories are then diverted from the
edible market to oil stock.
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Zonate Leaf Spot

Zonate leaf spot, a foliar disease of minor importance, has
been observed in India, Thailand, and the United States. Cris-
tulariella moricola (Hino) Redhead (syn. C. pyramidalis A. M.
Waterman & R. P. Marshall) is the causal agent. The sclerotial
state is Sclerotium cinnamomi Sawada. Necrotic lesions on
leaves are 2-12 mm in diameter (Fig. 56). Small lesions have
light brown centers surrounded by a ring of necrotic tissue. A
zonate pattern is visible on both leaf surfaces (Plate 77).
Pyramidal heads (conidia) (Fig. 57) form on both surfaces of
necrotic leaves. There may be many pyramidal heads per
lesion.
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Fig. 57. Pyramidal head of Cristulariella pyramidalis. (Courtesy
A. Latham)
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