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Preface

This compendium, a compilation of information describing
diseases and disorders of the potato, is intended to be applicable
throughout the world, including the tropics.

For sor.e time a need has existed for a source of information
concerning potato discases and production problems associated
with disease prevention. Because diseases frequently limit
successful production, and production is an expensive venture,
concise, up-to-date informaticn is required.

Accounts of diseases were prepared by individuals chosen for
theirexperience and knowledge of the subject. Literature on the
important diseases is extensive, and thorough understanding of
a single major disease has invoived many investigations. Refer-
cnces were selected to provide recent information and access to
previously published literature.

The compendium results from the combined efforts of many
individualsand several organizations. Members of the advisory
committec provided guidance in coordination and initial
planning as well as in critical and constructive manuscript
review. Many others have generously given their time in review
of parts of the manuscript.

Qualified persons prepared descriptions of individual
diseascs. These and other persons and certain organizations
have graciously loaned photographs. Financial assistance from

persons and organizations has permitted inclusion of pertinent
colored plates.

The continual encouragement and cooperation of the Potato
Associaticn of America and its members have been most grati-
fying, encouraging, and constructive.

Without assistance from Michigan State University (MSU),
the International Potato Center, and the Michigan Foundation,
this work could not have been completed. All have provided
grants to enable manuscript preparation. The Iaternational
Potato Center and MSU have also provided research facilities.
Cooperation and professional capabilities of the library staff
and personnel of the Graphic Arts Center (MSU) is greatly
appreciated.

The continued enthusiastic cooperation of Dr. Teresa [cochea
in critically reviewing this manuscript is sincerely appreciated.

The stenographic expertise, attention to detail, and patience
of Suzanne J. Weise, Monica Stenning, and Elaine Creech in
manuscript preparation have been invaluable.

To Frances, my wife, for her patience, encouragement, and
willingness to forego other interests so that this compendium
might be completed, I am grateful.

W. J. Hooker

DISCLAIMER

Products and practices included in the control paragraph
cf each disease are those reported to be effective. Permitted use
of ciicmicals varies among the nations producing and
consuming potatoes. The international nature of this
publication precludes limiting preventive measures to those
accepted by particular governmental controlagencies. Authors,
sponsaors. and organizations under whose auspices the
compendium was prepared assume no responsibility for

effectiveness of chemicals nor forauthorizing or recommending
use of chemicals or other preventive measures mentioned in this
publication. Recemmendaticns for chemical selection, dosage,
and method and time of application should be made only by
authorized and informed personnel of the responsible
governmental agency where potatoes are grown or marketed,
and these instructions should be rigidly followed,
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Introduction

Potato Disease

A potato diseaseis aninteraction between a host (the potato)
and a pathogen (bacterium, fungus, virus, mycoplasma,
nematode, or adverse environment) that impairs productivity or
usefulness of the crop. Frequently, adverse environmental
effects are sufficient to initiate disease in the absence of an
infectious entity. The host-pathogen interaction is influenced by
environment acting on either the potato or the pathogen or on
both and is determined by the genetic capabilities of 1) the
potato in being either susceptible or resistant and 2) the
pathogen in being pathogenic (virulent) or nonpathogenic
(avirulent).

Furthermore, disease or adverse environment in one portion
of the potato life cycle may severely limit effectiveness of
production or quality at a later date. For example, field
problems frequently become storage problems, which may later
limit either market quality or seed performance and, ultimately,
vielding ability.

The value of any crop determines the extent to which control
measures may be justified. Relatively speaking, the potato is a
high-value crop with complex production, storage, and
utilization problems, and thercfore relatively elaborate
prevention practices are appropriate. Correct diagnosis and
identification of disease is of paramount ‘mportance for initia-
tion of appropriate control and prevention measures.

General References
BLODGETT, E. C., and A. E. RICH. 1949. Potato tuber discases,

defects, and insect injuries in the Facific Northwest. Wash. Agric.
Exp. Stn. Pop. Bull. No. 195. 116 pp.

CALDERONI, A, V. 1978, Enfermedades de la papa y su control.
Editorial Hemesferia Sur S. A., Buenos Aires. 143 pp.

FRENCH, E. R., H. TORRES, T. A, de ICOCHEA, L. SALAZAR,
C.FRIBOURG,E. N. FERNANDEZ, A. MARTIN, J. FRANCO,
M. M. de SCURRAH, I. A. HERRERA, C. VISE, L. LAZO, and
O.A. HIDALGO. 1972. Enfermedades de la Papa en el Perii. Bol.
Teen. No. 77 Est. Exp. Agric. La Molina. 36 pp.

HODGSON, W. A, D.D. POND,and J. MUNRO. 1974. Discases and
pests of potatoes. Canada Dept. Agric. Publ. 1492, 69 pp.

KELLER, E. R.,and A. ZAH. 1969, Dictionary of Technical Terms

Relating to the Potato (in English. German, and French). Eur,
Assoc. Pot. Res. Juris-Druck, Zurich. H11 pp.

McKAY, R. 1955. Potato Discases. Irish Potato Marketing Co., Ltd.,
Dublin. 126 pp.

O'BRIEN, M. J., and A. E. RICH. 1976. Potato Diseascs. U.S. Dept.
Agric., Agric. Res. Serv., Agriculture Handbook No. 474. 79 pp.
SALZMANN, R., and E. R. KELLER. 1969. Krankheiten und
Schadlinge der Kartoffel. Verbandsdruckerei. AG, Bern. 150 pp.
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buch. Vol. I. 1,007 pp.; Vol. 11, 2,112 pp. Veb Deutscher Landwirt-

schaftsverlag. Berlin.

SMITH, W. L., Jr, and J. B. WILSON 1978. Market diseases of
potatoes. U.S. Dept. Agric., Agric. Handbook No. 479. 99 pp.
WHITEHEAD, W. T.. P. McINTOSH. and W. M. FINDLAY. 1953,
The potato in health and disease, 3rd ed. Oliver and Boyd, London.

774 pp.

(Prepared by W. J. Hooker)

The Potato

Importance

The potato is the most important dicotyledonous source of
human food. It ranks as the fifth major food crop of the world,
exceeded only by the grasses—wheat, rice, maize (corn), and
barley. In North America, dry matter production of potatoes
per unit of land crea exceeds that of wheat, barley, and maize by
factors of 3.04, 2.68, and 1.12, respectively. Yields of protein per
unit of land arca exceed those of wheat, rice, and maize by
factors of 2.02, 1.33, and 1.20, respectively.

Pecause of increasing yiclds per unit area of land, total potato
production has been increasing even though the area of land
planted to potatoes is decreasing. Yieldsin northern Europe and
North America (1970-1973) generally ranged from 20 to over
35 metric ton/ha (178-311 cwt/A) and were somewhat lower in
the warmer areas of Europe. The perceniage of arable land in
potato production ranges from less than 19 in Canada and the

United States to 189 or more in the Netherlands and Poland.
The USSR, China, and Poland lead in area of land in potato
production.

In the tropics (between 30° north and south latitudes) yields
are below 13 ton/ha (116 cwt/A), more commonly below 10
tons (89 cwt/A), and the percentage of arable land in potatoes is
low except in Peru (13%). However, potato production is
increasing as measured by land area in potato production, yield
per hectare, and total production.

Most potatoes are used for human consumption. In the
tropics potatoes arc often available only in certain scasons
because of storage problems. Approximately 50% of Europzan
potato production is used as stock feed, with perhaps 25% of
table stock potatoes being diverted to stock fees because of
defects.

The potato is characteristically a crop of the cool, temperate
regions or of elevations of approximately 2,000 m (6,560 ft) or

9
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more in the tropics. It requires cool nights and well drained soil
with adequate moisture and does not produce well in low
altitude, warm, tropical environments. Certain types of South
American potato have considerable tolerance to warm tempera-
tures and to temperatures a few degrees below freezing; clones
tolerant to both extremes are being sought.

The potato is a native of the Andean highlands of South
America, where it has served as a staple of the diet of Andeans
for centuries or millennia. Widely diverse types have been
selected. Dehydrated tubers have been preserved since antiquity
as chufo, a product of various types obtained by freezing
tubers, pressing liquid from them after thawing, and then
freezing and drying them. Today tubers are boiled and dried for
preservation,

The potato was introduced into Spain sometime before 1573,
when it was first mentioned as a food source. Its use in England
was first reported in herbals in 1596. From northern Europe it
was first reported in kerbals in 1596, From northern Eurcpe
it was returned to North America in 1719 and grown in the
colonies.

Cultivated Types

Cultivated potatoes, consisting of a number of species or
specics hybrids. belong to the Solanaceae, section Tuberarium,
which coniains approximately 150 tuber-bearing species. In the
Andean highlands, the distinction between cultivated and wild
varieties has little relevance to indigenous populations.

The most common potato is the tetraploid (2n = dx = 48
chromosomes). Solanunt muberosum 1., which may be divided
into the completely cross-fertile subgroups Tuberosum and
Andigena or into subspecics rberosunt and andigena. Survival
ol these in the wild occurs only in exceptional cases. Their
survivai and extensive dispersal have resulted from human
selection. Andigena is the most widely growninSouth America,
It has deep eyes, is often pigmented. and nroduces tubers in
days of short length. The Tuberosum type grown in northern
Europe and North America tends to need a long day for effective
tuberization. These two types are not completely distinct, and
obtaining the Tuberosum type by selection from Andigena is
possible.

Another classification also places certain diploids and
triploids within . ruberosum. Diploid cultivated potatoes (2n =
2x = 24) belong to two main groups, S. stenotomun, with a
period of tuber dormancy, and S. phureja, without a well-
defined dormant period. S. stenotomum is regarded as the
ancestral type, giving rise to Andigena types through
chromosome doubling.

Cultivated triploids (2n = 3x = 36) in group S. X chaucha are
possibly naturally occurring hybrids rom crosses between
Andigena and Stenotomum or Phureja. Another triploid
species, S. X juzepczukii, is highly frost tolerant and may have
originated from natural hybridization between the wild species
S. acaule (a tetraploid) and the diploid S. stenotomum.

A pentaploid, S. X curtilobum (2n = 5x = 60), believed to
have originated from natural hybridization of S, acaule and S,
andigena, is grown in the high Andes because of its frost
tolerance. It is bitter tasting but useful for making chufo.

The hexaploid S. demissum (2n=6x = 72) has beenused as a
source for cultivars resistant to late blight.

Perpetuation of the many genetic differences is attribucable to
asexual propagation through tubers. Variability existing within
the potato groups is believed to have originated through: 1)
hybridization between diverse types, 2) chromosome doubling,
3) mutations in germ plasm, and 4) mutatiors in vegetative
tissue and perpetuation as chimaeras. Vegetatively propagated
clone lines, assumed to be genctically stable, as are presently
accepted cultivars, are capable of further variation and change
through somatic mutation,

The potato may be propagated from true seed, which is

common in genetic studies and in potato breeding programs. In
certain parts of Ecuador and Colombia true seed is planted for
commercial crop production. The Peoples Republic of China
grows over 10,000 ha from true sced to aveid virus spread and
long distance transport of seed tubers. At the International
Potato Center, transplants from true seed produce
homogeneous families that yield an average of more than | kg
per plant. These practices permit fuil use of tubers as food and
avoid diseascs carried through seed tubers.

Commercial production of most potatoes is primarily through
vegetative propagation by means of lateral buds formed on the
tuber, a modified stem. Through sueh vegetative propagation,
many discases are transmitted from generation to generation.

Althougti disease affects each of the types listed above, much
of potato pathology has been done with S. ruberosum ssp.
tubercsunt in northern Europe and North America. Increased
importance of the crop in the tropics and subtropics has
occasioned unprecedented work during the past half centuryon
tropical discases and evaluation of wild and cultivated
genotypes as sources of disease resistance.

The Piant

The potato, S. ruberosuni ssp. ruberosuin and ssp. andigena,
is an annual, herbaceous dicotyledonous plant with potential
perennial capacity because of reproduction through tubers.

Flowers

Flowers arc five-parted of various colors with singlestyleand
stigma and two-loculed ovary. Pollen is typically windborne.
Self-fertilization is natural; cross-fertilization is relatively rare,
and when it oceurs, insects are probably involved. Diploids are
self-incompatible with very few exceptions.

Fruits

Fruits are round to oval (-3 ¢m or more in dia meter), green,
yellowish green or brown, and red to violet when ripe. Fruitsare
two-celled, with up to 200300 sceds. Because of severa] sterility
factors, seeds may be absent even though fruits are formed,

Vegetative Structures

Plants from true seed are typically seedling plants with
primary tap root, hypocotyl, cotyledons. and epicotyl, from
which a stem and foliage develop. In contrast, the commerical
potato plant contains one or more lateral branches, each arising
from a bud on the “sced tuker,” and the roots arc adventitious
(Fig. 1). The “seed” in commerical production is an asexual
propagative organ and not comparable to the sexually derived
true seed.

Stems

Thesearc usually green, but can be red to purple, angular, and
nonwoody. Late in the scason the iower portions may be
relatively woody, however, Leaves are pinnately compound,
although carly leaves of scedlings and the first leaves of plants
grown from tubers may be simple. Leaf types differ widely
among the many species and cultivars. Stomata are more
numerous on the lower leaf surfaces, and hairs of various types
are present on aboveground parts. Secondary branches are
common, arising from axillary leaf buds. Leaves on the
underground stem are small and scalelike, and stolons arise
from these axillary buds. Stolons and tubers are modified
adventitious stems,

P.oots and stolons develop from the underground stem
between the seed tuber and the soil surface. Thus, the vegetative
propagative unit (the seed tuber ora portion of it, the seed piece)
should be planted sufficiently deep to permit adequate rootand
stolon formation.
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Fig. 1. A, Lower portion of young potato plantshowing: a, stem; b, stolons; ¢, roots: and d, seedtuber. B, Bud on stolon tip (bar represents
100 um). €, Starch grains within cells of a potatotuber (barrepresents 10 um), showing characteristic refraction patterns within the grain.

Tubers

The tuber (Fig. 2) is formed at the tip of the stolon (rhizome)
as a lateral proliferation of storage tissue resulting from rapid
cell division and enlargement. Enlargement approximates a
64-fold cell volume increase.

Thestolon usually breaks off elose to the tuberduring harvest
ordies with the plant on maturity and is evident either as a short
stub or small scar.

Instems, stolons, and tubers, vaseular tissue initially forms as
bicollateral bundies with groups of thin-walled phloem cells
outside of the xylem (outer phloem) and toward the center and
inside the xylem (inner phloem). As the stolon enlarges to form
the tuber, parenchyma developing within the bundles tends to
split the separaiz groups, and the vascular ring becomes spread
out. New groups of phloem including sieve tubes, companion
cells, and conducting parenchyma clements are formed as the
tuber enlarges. Carbohvdrates are stored within storage paren-
chyma ce'ss of pith and cortex in the form of starch granules
with characteristic markings.

Tuber constituents vary with cultivar and growing conditions.

Estimated amounts of constituents may also reflect differences
in methods of chemical analysis, Ranges in the whole fresh tuber
are: water, 63-87¢¢: carbohydrates, 13-30¢ (including a fiber
content of 0.17-3.486): protein, 0.7-4.60¢: fat, 0.02-0.96¢; and
ash, 0.44-1.977. Additional constituents include sugars, non-
starchy polysaccharides, enzymes, ascorbic acid and other
vitamins, phenolic substances, and nucleic acids.

The tuber surface permits or excludes entranee of pathogens,
regulates rate of gas exchange or water loss, and protects against
mechanical damage. The surface is not fixed and static but will
maintain and regenerate itself through wound healing reactions
which influence disease incidence and severity, preservation in
storage, and seed germinability and performance.

The epidermis exisis for only a short time on the youngest
tubers of approximately I em or less in diameter. Stomata are
scattered ir the epidermis and permit gas exchange. A short-
lived peniaerm is derived from the epidermis and is soon
replaced by a more permanent periderm or cork layer arising
from meristematic cambium cells below the epidermis. This
periderm in mature tubers is composed of 6~ 10 layers of brick-
like, thin-walled cells, one on top of the other, without
intercellular spaces and with suberized cell walls. Periderm
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Fig. 2. The potato tuber and its parts.

characteristics vary considerably with cultivar (Fig. 3).

Wound healing (Fig. 3) develops under cut, bruised, or torn
surfaces. Suberin forms within 3-5 days in walls of living cells
under the wound. A cork cambium layer developing under the
suberized cells gives rise to a wound periderm. The promptness
with which wound healing developsis Jependent uponenviron-
ment (temperature, humidity, and aeration) and the physiology
of the tuber.

Cut tuber surfaces exposed to drving air nay seem to have a
tough, resistant covering. Drying kills living surface cells and
interferes with normal wound-healing activity. Dried surfaces
do not exclude pathogens nor prevent dehydration and should
not be confused with wound healing.

Rates of wound healing, including both suberization and
peridermdevelopment, increase approximately threefold
between 5and 10° C and again threefold between 10 and 20°C.,
Oxygen supply less than that of the atmosphere and carbon
dioxide greater than that of the atomosphere progressively
inhibit wound healing. Wound healing is most rapid between 80
and 100¢% rh: however, the presence of free water on the surface
that excludes oxygen is detrimental. Wound healing is more
rapid in stored, recently harvested tubers, and as the tubers age,
ability to heal wounds gradually diminishes. Also, periderm
development in the cortical areas is more rapid than in the
medullary region. Erradiation by sunlight or by ionizing gamma
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Fig. 3. A, Epidermis of stem. Tuber surfaces: B, immature
periderm; C, slightly mora mature periderm: D, mature periderm
of normal tuber surface; E, well-developed wound healing peri-
derm on a cut surface. Bar represents 50 zm in all photographs.
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rays impairs wound-healing processes. Certain pesticide
chemicals on the cut tuber surface, such as some seed treat-
ments, may impair the effectiveness of wound healing, whereas
certain phenolic compounds enhance the wound-healing
process and wound periderm formation. Under favorable en-
vironmental conditions, suberin is demonstrable within 24 hr
and periderm within two to five days. Infection by some wound
pathogens is greatly reduced by the rapid formation of suberin
and periderm under wounds.

Lenticels (Fig. 4) are formed under the stomata in the epider-
mis of stems as well as of tubers. A loose mass of thin-walled,
relatively small, rounded cells initially forms under the periderm
and eventually breaks through. Thus, the lenticel consists of a
break in the tuber surface underlaid with loosely arranged, thin-
walled cells. Lenticels (numbering 1-/cm® of surface) permit
gas exchange through the relatively impervious periderm. When
soils are unfavorably wet, lenticels on underground stems and
tubers become enlarged (hypertrophied or proliferated) and
extrude beyond thesurface as white tufts approximately 0.5 mm
in diameter.

Lenticels provide infection sites for several pathogens,
including those inciting bacterial soft rot and late blight.

Roots

Plants from true seed produce a slender tap root that later
becomes fibrous. Plants grown from seed tubers have a fibrous
system of lateral roots arising usually in groups of three at the
nodes of the underground stem. Lateral roots originate in the
pericycle regions of roois and in meristems of the subterranean
stems close to the nodal piate. Cell divisinn in the pericycle gives
rise to the root primordium, which pushes its way mechanically
and possibly by enzymatic activity through the cortex. Sites of
root emergence are essentially open wounds and provide
infection courts for pathogens.
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roots emerging through the surface of stems or other roots, producing open wounds (bar represents 100 um).
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Oxygen-Temperature Relationships

Interrelationships between tuber respiration, gas exchange,
and tuber temperature are operative in the field before. during,
and after tuber enlargement. After harvest, they markedly
influence storage life, seed performance, and market quality,

The potato tuber is capable of respiring both acrobically and,
for a limited time, anaerobically. Because the natural periderm
of the tubcr is a barrier to gas diffusion, diffusion takes place
through the lenticels. Diffusion rates differ between individual
lenticels, and diffusion is further dependent upon the exposed
intercellular spaces of the underlying tuber tissue. Within the
tuber, gas diffusion tiakes place through the intercellular spaces.
which oceupy close to 147 of the internal tuber volume,

Oxygen (O:) is present in the potato tuber both in the atmo-
sphere of the intereellular spaces and dissolved in the cell sap.
Carbon dioxide (CO.) diffuses through lenticels at a rate
approximately 80¢ of that for O:. During carly and midseason
storage, CO: exceess and O: deficit within the tuber are usually
aboutequal. Later in storage CO» evolution mayv much exceed
O: absorption.

Tuber periderm permeability is highest thro 1gh immature
skins during growth of the crop, decreases dusir maturation of
the vines, and reaches a low level after deat’s of vines. Perme-
abtlity drops considerably during the first five weeks of storage
and gradually rises to a level comparable to that of mature
tubers in the field. A thin film of water on the tuber surface
virtuzlly stops oxvgen diffusion through the lenticels and can
reduce the center of the tuber to anaerobic conditions within 6
hrat 10°Cand in 2 hrat 21°C.

Respiration rates of small, medium, and large tubers are
essentially similar per unit of volume under satisfactory environ-
mental condivton... However, the ratio of surface area to total
volume is much higher in small tubers than in large tubers,
Under conditions stimulating high respiration rates (high tem-

perature) or reduced gas diffusion from tuber surfaces (surface
water films), the smaller ratio of surface area to volume in large
tubers may limit gas exchange and cause injury, whereas the
larger ratio in small tubers may enable them to escape damage.

Respiration rates of immature tubers are considerably higher
than those of mature tubers carly in storage but later become
essentially similar. Respiration of mature tubers immediately
after harvest is often three times that of the same tubers a week
later. This increased respiration is in part associated with
mechanical injury during harvest and storage.

Respiration of potato tubers during storage (Fig. 5) is
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Fig. 5. Respiration rates of potato tubers at various storage
temperatures. (Redrawn from W. G. Burton 1966. By permission
from the author and H. Veenman en Zonen B. V.).



relatively high at 1 and 2°C, drops to a low at 5°C, is slightly
higher at 15° C, and then rapidly rises to 25° C and above. The
relatively high respiration rates within a few degrees of freezing
account for problems of suboxidation such as internal
mahogany browningand blackheart. The increase in respiration
rates at higher temperatures contributes to internal heat
necrosis and also to blackheart.

High respiration rates in freshly packaged tubers during
transit deplete O: and release CO: in sufficient quantities to
predispose tubers to bacterial soft rot and cause severe losses.
Increasing CO: concentration in storage causes increased cell
membrane permeability, sucrose content, and decay. Oxygen
levels of 167 or lower at 14°C or higher temperatures severely
impair wound healing reactions, stimulate anaerobic
respiration, and increase surface mold growth, severity of decay,
and blackheart. At lower iemperatures these effects may not be
so evident.
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Part |I.

Disease in the Absence
of Infectious Pathogens

Genetic Abnormalities

Somatic mutations are of economic importance in clunally
propagated potato because they may modify foliage type, tuber
shape, or color of plant parts; delay maturity; and reduce crop
vield. Whether yields and tuber shape are affected or not,
variations are undesirable because foliage type and growth
habits are principal features used to identify cultivars, A change
as simple as an excess or loss of foliage vigor will cause doubt
as to cultivar identity.

Wildings

These differ from normal plants by low growth, close bushy
habit, numerous thin stems, reduced numbers of leaflets, large
rounded terminal leaflets, almost complete absence of flowers,
and increased numbers of stolons with numerous small tubers
that produce many weak sprouts during storage. Yiclds are
reduced severely by this abnormality. The small tubers may
reduce the total weight of the crop by as much as 50%, but tubers
of table stock size are particularly affected and, in quantity, may
reduce the weight by as much as 80-90¢%.

Feathery Wildings

Feathery wildings bear no rese ‘blance to true wildings
except that, compared tonormal plar  they produce more thin
stems and many more small tubers. Plants closely resemble the
normal, but the top leaflets are small, narrow, and pointed. In
some cultivars, tubers have numerous eyes clustered at the
apical v d, producing many small, thin sprouts several weeks
carlier isan normal. Yield reductions from this disease are
similar to those from the wilding abnormality.

Giant Hill

Plants (Plate 1) have greater height and stronger, more
vigorous vines, with leaflets smaller and often coarser and
thicker than those of normal plants. Tubers sprout late and
plants are late in maturing, which can result in reduced yields.
They have flowers and fruits in profusion and large matted roots
and numerous long stolons. When allowed to mature, they
produce larger and coarser tubers than do normal plants. Giant
hill plants survive late blight for three weeks longer than do
normal plants. Because of its late maturity, this variant is most
serious in crops of early cultivars.

Although giant hill occurs in most commercial cultivars, it
can be rogued with ease. However, the current practice of early
foliage destruction of certified seed crops, before all giant hill
plants are obvious, is probably responsible for their regular
appearance in some stocks.

Tall Types
These arc intermediate between giant hill and normal plants,

being 2 little taller, more vigorous, and two or more weeks later
in maturity. Like the giant hill, the tall type is not apparent until
full vine growth and may affect up to 3% in certain cultivars.

Giant hill and tall types are more frequent in the long days of
higher latitudes than in lower latitude short days. Maximum
yields are rarely obtained, however, because when the normal
crop plants are ready to be harvested, giant hill and tall type
plantsare stillimmature. Given sufficient time for full maturity,
giant hill plants may actually outyield normal plants.

Other Variations

Many other abnormal types of plants or plant parts too
numerous to detail may occur in commercial crops. Examples
are most russet-skinned variants (Fig. 6) and multiple-leaf,
dahlia-leaf, raspberry-leaf, coarse-leaf, little-leaf, and stitched-
end variants.

Nature of Variations

Most of the abnormalities described above are periclinal
chimaeras caused by genetic changes, usually in the outer layers
of tubers or stems. Normal plants may be recovered by excising
tuber eyes and permitting growth to develop from the deeper

Fig. 6. Russet skin somatic mutation, in a white tuber, initiated
near the stolon tip early in tuber enlargement, possibly a
chimaera.



tissues. Many different kinds of variants can be produced by
developing adventitious growths from callouses on tubers where
eyes have been removed.
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Adverse Environment

Oxygen Deficit

Oxygen requirements of underground parts of the potato
during plant development are high. When oxygen concentration
is reduced, stolons are abnormal and tuber development is
impaired and abnormal. The degree of abnormality depends
upon the severity of oxygen deficit.

Although soil compaction exerts various stresses upon
underground parts of the plant, oxygen deficit may be one of the
most important, resulting in delayed plant emergence, moderate
to severe yield reductions, ana frequently, but not always,
abnormal tuber shapes. Oxygen levels within soil, root
distribution, and yields are increased by cultural and tillage
practices that favor improved soil porosity.
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Low Temperature Tuber Injury

Low temperature tuber injury may range from outright
freezing and killing of some or all of the tuber to gradations of

injury (chilling) following prolonged exposure to temperatures
slightly above freezing. Tubers may be frozen in the ground
before harvest or injured later by low storage temperatures.
Tubers of many cultivars freeze at temperatures below —1.7°C.
Freezing results in formation of ice crystals within the tissue,
followed by rapid death. Chilling results in eventual death of
cells or tissues even though the tissies may not actually have
been frozen.

Symptoms

The line of demarcation between frozen and unfrozen tissue is
usually distinct. Upon thawing, tissue may change progressively
from dull off-white to pink and red and eventually to brown,
gray or black. Frozen tissue promptly breaks down in a soft,
watery rot or collapses, leaving a chalky residue as the water
evaporates,

Low temperature surface injury occurs in diffuse patches as a
brownish black metallic discoloration. Such tissue is
predisposed to surface mold growth (Fig. 7A).

Effects of low temperature storage are primarily internal.
Tuber tissue chilled to near freezing is typically a diffuse smoky
gray to black and resembles certain aspects of Pythium leak.

Chilling causes formatiun of reducing sugars in stored tubers,
resulting in a sweet flavor when cooked. Development is most
rapid at temperatures slightly above freezing (0-2.5°C),
progressively less severe from 2.5 t0 3.5°C, and usually absent at
3.8-4.4°C. Reducing sugars cause brown discoloration in
french fries or chips. Tubers stored at low temperatures
frequently turn gray to black when boiled.

Chilling injury may also take the form of net necrosis, in
which phloem tissue is selectively killed because it has greater
sensitivity to cold than do the surrounding parenchyma storage
cells (Fig. 7B). The necrotic phloem may be scattered
throughout the tuber or on the chilled side or be concentrated

Fig. 7. Low temperature injury of tubers: A, surface injury of immature skin in low temperature storage; B, net necrosis resulting from
selective killing of phloem tiscue; C and D, tissue breakdown in the vascular area.
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more heavily in the vascular region. Cold-induced net necrosis is
very similar in appearance to virus leafroll net necrosis.

Following severe injury. blackish patches or blotches may
develop near the vascular ring, which may also be partially or
completely blackened (Fig. 7C and D). Injury is usually more
severe near the stolon end.

Internal mahogany browning (Plate 2) is a different low
temperature response, in which diffuse brownish red to black
discoloration is present, usually in the central part of the tuber,
This disorder grades into blackheart. Shrinkage in affected
tissue results in cavities. Blackheart and probably internal
mahogany browning result primarily from asphyxiation of
internal tuber tissue.

Epidemiology

Individual tubers from the same lot vary considerably in
response to a given temperature. Immature tubers are
frequently more severely injured.

Because of hardening or acclimatization, tubers that have
been stored at low temperatures are less injured by a sudden
drop in temperature than are those stored at higher
temperatures,

Low temperatures fora few hours or temperatures just below
freezing for a short time can lower internal quality, shorten
storage life, and impair suitability of the tuber for processing
without leaving visible evidence. Tubers may be supercooled to
approximately =3.0°C, and even to =6.5°C for a few hours,
without ice crystal formation and, if gradually warmed, do not
have evident injury. However, jolting or jarring supercooled
tubers will cause intracellular ice crystals to form and cells to
dic. Storage at low temperatures, even in the absence of
symptoms, impairs the tuber's ability to form wound barriers
when returned to favorable temperatures. Injured seed tubers
with or without symptoms sprout poorly and may fail to
produce pliants because of secondary seed picee rots,

Alternating temperatures during the storage season avoids
chilling injury and its associated problems. Tubers held
alternately for three weeks at 0° Cand one week at 16° C had a
lowered content of reducing sugars (as well as of total sugars),
reduced respiration rates, and no low temperature injury,
whereas at constant 0°C tuber injuries became progressively
more severe after eight weeks in storage.

Control

1} Field-frosted tubers should not be moved into storage if at
all possible.

2) Hold storage temperatures at 3.5-4.5°C, which is
sufficiently high to prevent low temperature injury.

3) Maintaia adequate air movement in stored potatoes todry
frost-injured tubers and provide adequate oxygen for
respiration.

4) Tubers injured by low temperatures or suboxidation
should not be used for seed.

5) Certain cultivars are more prone to mahogany browning
than arc others. Varictal differences with respect to other
aspects of low temperature injury are not so pronounced.
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Low Temperature Foliage Injury

Certain symptoms of nonlethal low temperature foliage
injury may be confused with virus symptoms or herbicide
damage. Lethalfreezing of leaves and stems is readily identified.

Symptoms

Frozen leaves rapidly wilt, collapse. and when thawed,
become water-soaked. They turn black when damp and brown
when dricd. Less severe low temperature injury, usually
occurring in the early to middle part of the growing season,
often produces a buff to light brown or vellow discoloration on
the top of the plant and particularly at the bases of young
leaflets.

Temperatures at or near 0°C selectively injure leaf and stem
primordia and possibly ccll organelles. Symptoms of this injury
become evident after leaflet expansion as unilateral leaflet
development, irrcgular distortion of leaflets, or grayish
transverse banding accompanied by restricted lateral expansion
(Fig. 8).

Chlorosis in diffused areas, in spots, or in portions of veins
ay be seenand mottle patterns may be present with or without
leaf distortion following nonlethal low temperatures (Plate 3),
Necrotic specks may develop on voung leaves following —0.3°C
wet bulb temperatures. Injury of this type appears after leaves
from damaged primordia have expanded. Normal growth may
precede and should follow these low-temperature effects, but
symptoms on injured parts persist.

Epidemiology

Low temperature injury is usually most severe in low-lying
areas of ficlds. At high elevations and latitudes, freezing may
occur at any time in the growing scason.

Because leaf surfaces are frequently well hydrated and often
wet with dew, wet bulb temperatures should be more reliable
than dry bulb temperatures in determining critical temperatures
for leaf injury.

Plants on which some leaves have been frozen recover from
injury slowly.-suggesting more damage than that of the tissue
actually destroyed. Growth retardation may be due to
resorption of tissue degradation products.

Solanum acaule, its derivatives, and approximately 10 more
wild potato species, as well as several cultivated clones

Fig. 8. Leaf deformation following low temperature injury of leaf
primordia.
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belonging to primitive species grown in the Andes. carry
considerable frost tolerance, some to as much as =5°C .

Control

1) Potato crops seldom justify frost protection such as spray
irrigation, mechanical air movement. or smoke application
during low temperatures,

2) Proper diagnosis of nonlethal injury is necessary in seed
fields.

3} Low temperature tolerance (approaching —6°C) of hybrids
involving S. acaule and other tuber-bearing Solanum species
permits potato cultivation at high altitudes and possibly also at
extreme latitudes.
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Blackheart

Blackheart results from inadequate oxygen supply for
respiration (asphyxiation) of internal tuber tissue. Internal
mahogany browning and internal heat necrosis grade into
blackheart in severe instances and thus are, in different
environments, symptoms of incipient to acute suboxidation.
Blackheart was a major problem when potatoes were shipped in
stove-heated railway cars.

Symptoms

Blackheart symptoms consist of black to blue-black
discoloration in irregular patterns in the central portion of the
tuber (Fig. 9). With acute oxygen deficiency, the whole tuber
may be discolored. Demarcation at the margins is usually
definite, although the black discoloration may diffuse into

Fig. 8. Blackheart at two cross sections of the same tuber.
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relatively unaffected tissue. Discolored tissue is frequently firm
but on exposure to room temperatures may become soft and
inky. Individual tubers vary in their responses to conditions
causing blackheart.

Blackheart develops when oxygen is excluded from or unable
to reach internal tuber tissue. Longer times are required for
blackheart development at lower temperatures. However,
blackheart develops more rapidly between 0 and 2.5° C than at
5°C. At extreme temperatures of 36-40°C or of 0°C or slightly
below, blackheart may develop without oxygen exclusion
because gas diffusion through the tissues is not sufficiently rapid.
Tuber storage in closed bins or in deep piles without adequate
aeration may result in blackheart development.

Control

1) Do not expose tubers to high temperatures no: (o
prolonged storage near 0°C .

2) Provide forced aeration of potatoes in closed bins.

Selected References

BENNETT, ). P..and E. T. BARTHOLOMEW, 1924. The respiration
of potato tubers in relation to the occurrence of blackheart. Calif,
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(Prepared by W. J. Hooker)

High Temperature Field Injury

Stems may be injured at the soil line by high soil
temperatures, particularly when plants are small and leaves are
not large enough to shade the soil at the base of the plants. Stems
typically are girdled and surfaces are tan to white. although
secondary organisms may wometimes discolor the tissue to a
darker brown and, in severe cases, cause rotting. Injury canalso
follow defoliation or vine displacement that suddenly exposes
lower stems to intense sunlight. This results in a scalded
apperance on the exposed side of the stem or girdling at the soil
line (Fig. 10).

Tubers exposed to sunlight as they lic in the field afier digging
may be injured and thereby predisposed to rot in transit or
storage without immediate external symptoms except possibly
for watery exudates from lenticels. Intense cxposure causes
sunken scalded areas in a circular pattern. The threshhold of
tuber flesh temperature predisposing tissue to soft rot is
approximately 43°C. Such internal temperatures may exceed

Fig. 10. Scald of stems following exposure to sun.



the air temperature when tubers are in the soil within 2.5 ¢cm of
the surface, remain on the ground after digging. or are held in
bags in the sun. (See also tuber greening.)

Selected References

NELSEN, L. W. 1954, The susceptibility of seven potato varieties to
bruising and bacterial soft rot. Phytopathology 44:30-35.

(Prepared by W. 1. Hooker)

Internal Heat Necrosis

Considerable confusion exists both in symptom description
and in terminology for the causal factors of internal necrosis of
tubers. The underlving cause of necrosis is believed to be
suboxidation of rapidly respiring internal tissues during active
tuber growth and high temperatures. (See also phosphorus
deficiency, vellow dwarl, mop-top, and stem mottle.) In recent
literature, the name FEisenfleckigkeit refers specifically to
internal heat necrosis, whereas Propfenbildung and Spraingare
used for stem mottle virus infections,

Symptoms

Symptomsdo notdevelop in vines. Affected tubers usually do
notshowexternal symptoms, Necrosis may be severe toward the
center of larger tubers, appearing as light tan, dark vellowish to
reddish brown, or rust-colored flecks that become, in extrente
cases, dark brown or even black (Fig. 11). Unusually severe
symptoms may be identical to blackheart. Necrotic flecks are
usually clustered off-center in the pith towards the apical end.
Neerotie flecks are firm, do not break down or predispose to rot,
and remain firm after cooking. Cortical tissues are seldom
aftected. A relationship exists between Eisentleckigkeitand acid
soils that are low in calcium. (See also calcium deficiencey.)

Losses can be severe because of buyer diserimination against
internal discoloration.

A somewhat similar disorder, present in Israel, produces
necrotie spots in the cortex near the vascular ring and may
produce interior cavities. Damage is visible from the tuber
surface. with blackening of the eves at the apical end, sunken
surface spots, and a silvery sheen. No true rot develops, but
many affected tubers fail to sprout, Symptoms are believed to
develop in storage following high field temperature before
harvest.,

Histopathology

Suberin develops in walls of affected pith parenchyma cells,
Cell walls first become dark at the corners. Protoplasm becomes

Fig. 11. internal heat necrcsis.

granular and aggregates. Walls of adjacent cells also darken and
finally collapse at the corners. Lavers of peridermlike cells may
develop outside the necrotic tissue and may isolate it. Internal
pressure from periderm formation may cause the collapse of
necrotic cells, but cell lvsogeny has not been observed. Starch
grains are generally absent in affected cells.

Epidemiology

Internal neerosis becomes progressively more severe during
the growing season and is most severe during hot, dry years in
light soils of sand. gravel, muck, or peat. Lack of adequate soil
moisture may be as influential as high temperature in
predisposing to internal necrosis. Discase is most severe in
tubers near the soil surface and progressively less frequent and
severe with increasing tuber depth. Straw mulch reduces soil
temperature and severity of disease. In areas where the disease
was formerly severe, maintenance of good vine coverage of the
soil through adequate irrigation and good cultural practices has
almost climinated the problem.

Discoloration does not increase and may decrease in storage
il affected tubers are not predisposed to storage rots.
Transmission through affected sced tubers has not been
observed, although spindly sprouts have been reported from
tubers exposed to 30-40°C.

Control

1) Cultivars differ in tolerance and sensitivity.

2) Maintain vine growth adequate to shade the ground
through the use of appropriate cultural practices (good fertility,

Fig. 12. Second growth: A, dumbbell; B, pointed end: C,
protruding eyes that later form knobs. Stolon end in each case is
at left.
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adequate irnigation, and foliage protection by pesticides).
1) Do not permit tubers to remain long in the soil after vines
have died.
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Second Growth and Jelly End Rot

Second growth may be of several types: 1) deformed tubers
with protruding eyes, lateral buds (knobby tubers), or apical
buds (dumbhells or clongated tubers) (Fig. 12); 2)
gemmation  secondary tubers on a stolon extension of the
original tuber (Fig. 13 lefo; or 3) recently formed tubers that,
before normal harvest. produce either a sprout or a lealy
aboveground plant (Fig. 13 right).

Second  growth is commonly attributed to high field
temperatures and drought. It may. however, result from
regeneration following any condition causing irregular rates of
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Fig. 13. Second growth as gemmation (left) and as a sprout (right) on an abnormaliy early tuber. (Left, courtesy W. M. [ritani)

tuber development, such as uneven availability of nutrients or
moisture. extremes in temperature, or vine defoliation from hail
or frost. Positive separation of heat effects from drought effects
is difficult because high tield temperatures are usually
accompanied by drought and a concomitant reduction or
cessation of tuber growth. When growing conditions improve,
resumption of tuber growth becomes evident as second growth,

Second growth is usually stimulated by soil temperatures of
27°C and above. although some develops at lower
temperatures. Under controlled conditions, subjecting plants to
32°C for seven days was sufficient to initiate second growth,
Severity was greater with longer periods of exposure and higher
temperatures. Second growth was not initiated by varying the
water supply alone.

Second growth and jelly end rot are interrelated because jelly
end rot is prevalent in abnormally shaped tubers, particularly
those with second growth. Jelly end or glassy ¢nd rot is highly
scasonal in oceurrence, has been reported from many potato-
growing areas, and may involve 10-50%¢ or more of the crop.
Losses due to redueed tuber quality are high.

“Translueent end™ or “sugar end™ refers 1o incipient
symptoms visible at harvest or developing in storage. Tubers
with such symptoms frequently develop jelly end rot later,
Reducing sugars in translucent end or sugar end tubers cause
dark color in potato chips (Fig. 14D),

Symptoms

Stolonends of tubers with jelly end rot become translueent to
glassy, lack normal starch content, have reduced specific
gravity, shrivel.and collapse into a wet jellvlike substance ( Fig.
14A). delly end rot tissue dries down to a leathery layer in dry
storage (Fig. 14B). Demarcation between healthy and affected



Fig. 14. Second growth: A, knob and jelly end rot of stolon end of tuber (bottom); B, longitudinal section showing dried jelly end: C,
starch-iodine stain test demonstrating starch depletion (white area) in tissue near the jelly end portion; D, sugar end (stolon end, at
bottom) after deep fat frying with resulting discoloration due to reducing sugars. (D, Courtesy W. M. Iritani)

tsste s distinet, with breakdown seldom extending into the
tuber over Seme Glissy tissue resembles that of exhausted seed
preces atter plant deselopment.

Jelly end rot s more prevalent in tubers of long-tubered
cultivars, parteatarly those with second growth such as spindle
shape tpomted endsy or dumbbedl shape. Only the stolon end s
alfected. Round-tubered cultivars also deselop jelly end rot but
are not obvioushy detormed.

No pathogen has been consistently demonstrated in jellvend
tot tssue. although populations of secondary organisms,
patticulirdy bacters, are usually high.

Fhe stolon end ot the tuher normally has the highest starch
content In second growth, starch deposited in carly tuber
development s apparenthy hydrolvzed and translocated from
the stalon end 1o the apical end (Fig, 140,

When second growth takes the torm of gemmation. tubers
fparuicularly ronnd varieties) develop i chains on stolons.
Carbohvduatesare translocated trom the primary tuber into the
secondary tubers which s ot normal yuality. Internal quality
changes i the primary tuber (glassy texture and low specific
Lravity) become appaent atter toliage of the plant has died,
Because they show noexternal symptoms, such tubers cannot be
teadily separated durig grading and cause considerable loss in
guahity and market vidue of the crop.

Epidemiology

fnadence of gelly end rot s strongly influenced by scasonal
conditions, bemg a severe problem in some years and not a
problem m others. Tt s related to high field temperatures
accompanied by drought or insulticient irrigation in the arly
prowmy period. tollowed by tivorable temperature or sutficient
watertostmulate tuber growth. When tubers that are immature
athanvesthecause of carly drought stress are stored immediately
atter harvestat low temperatures (5.5 C), they are predisposed
tomncreased madence of transtucent ends, as compired to those
stored at higher temperittures (9 ().

Control

D Drogate adeguately to maintain uniform growing
conditions throughout the season, particularly during carly
tuber deselopment,

2y Avod cultivars with second growth characteristies,
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Hollow Heart

Hollow heart is associated with excessively rapid tuber
enfargement. It presents a serious problem because, lacking
external symptoms, the defeet usually becomes apparent only
when the tuberis cutin half. Incidence of hollow heart is highest
in the liirgest tubers and in certain lots may affect up to 4007 of
the tubers by weight,

Symptoms

Usually one cavity forms near the center of the tuber, In many
cultivars, cavities are lens or star shape and angular at the
corners. They appear as a splitting within the wber (Fig, 15).
and internal walls of the cavities are either white or light tan to
straw color, In other cultivars, but less commonly, cavities are
round to irregalar in shape,

Before hollow heart develops, central tissue may be water-
soitked or translucent: a brown neerotic pateh appears carly in
tuber formation in some cultivars. Rot seldom starts at hollow
heart sites, although in rare instances mold may be present,

Histopathology
Three types of originare deseribed: 1ya necrotic patch, up to |
em in diameter. composed of many single cells or small groups
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of cells, becomes enclosed by periderm. then turns brown,
shrinks, and collapses to produce a cavity; 2) necrotic starch-
free cells differentiate, causing a brown spot approximately |
mm in diameter, often in the eenter of very small tubers, and
produce a cavity that enlarges with tuber growth and is
surrounded by a partially suberized cambium laver: 3) internal
tissue tensions cause splitting, which results in a lens-shaped
cavity not preceded by cell necrosis. Translocation of substances
from the central portion of the tuber and resorption in other
parts of the plant may also be involved.

Epidemiology

Hollow heart is most severe during growing seasons or under
cultural practices favoring rapid tuber enlargement, Rapidly
growing tubers have a relatively higher incidence of hollow
heart than do those that grow more slowly. Moisture stress
(deficiency) followed by conditions favoring rapid growth
predispose the tuber to hollow heart.

Hollow heart is frequently severe in fields with poor stands
where plants are irregularly spaced. Practices that inhibit rapid
tuber growth or that stimulate large numbers of small tubers,
such as close spacing of plants, reduce incidence of hollow heart,
Marginal potassium deficiency may be a factor in hollow heart
predisposition, particularly in cultivars prone to the disorder.
Increasing potassium fertility over that required for normal
growth reduces hollow heart incidence.

Identification for Marketing

X-ray examination of whole tubers under water effectively
identifies the condition without tuber destruction. Removal of
large tubers and those with low specific gravity is only partially
effective in eliminating hollow heart potatoes before marketing.

Conrrol

1) Potato cultivars differ ia severity of incidence and in the
type of internal cavity produced.

2) Close and regular spacing of plants increases competition
and prevents excessively rapid tuber enlargement, which usually
reduces incidence of hollow heart,

3) Avoid missing hills in planting, and use sound cultural
practices to assure good stands,

4) Maintain uniform soil moisutre levels to stimulate uniform
tuber growth rates.

5) Additional potassium fertilization reduces incidence of
hollow heart even though total yields may not be increased.

Selected References

CRUMBLY., L. J.. D. C. NELSON, and M. E. DUYSEN. 1973,
Relationships of hollow heart in Irish potatoes to carbohydrate
reabsorption and growth rate of tubers. Am. Potato J. 50:266-274,

FINNEY. E. R.. Jr., and K. H. NORRIS. 1978. X-ray scans for
detecting hollow heart in potatoes. Am. Potato J. 55:95-105.

NELSON, D. C. 1970. Effect of planting date. spacing, and potassium

\\\M ~, A,

- o—— . .. ~

Fig. 15. Hollow heart, showing transverse and longitudinal
splitting.
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Surface Abrasions

Immature tubers that aze mechanically injured during harvest
before the periderm is mature exhibit feathering, i.c.. shreds of
loose skin exposing underlying flesh (Fig. 16). The wound may
heal under optimum conditions but frequently dehydrates,
becomes somewhat sunken, and turns dark brown with a sticky
surface due to bacterial growth. Such tuoers do not store well.

Mature tubers may be skinned by rough handling during
harvesting and grading operations, thus providing infection
courts for wound pathogens. Sunken seald spotdevelops when
fresh woundsare dehydrated, especially after tubers are allowed
to stand for some time in direct sunlight or desiceating wind
before storage. Surface discoloration of wounds. with
associated rot problems. also follows low temperature storage
before wound healing is complete. Such tubers may become
flaccid from dehydration.

Control

1) Avoid mechanical damage at every stage of the digging,
harvesting, and grading operations.

2) Protect tubers from sunlight and heat; avoid excessive
dehydration before storage.

3) Provide optimum storage conditions until wounds are
completely healed.

Selected References
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Tuber Cracks

Tuber cracking is of four types: 1) growth cracks from
internal pressure, 2) growth cracks from virus infection, 1)
meckanically produced cracks., and 4) harvest cracks.

Growth cracking (bursting) usually follows the long axis of
the tuber and results from internal pressure exceeding the tensile
strength of surface tissues during tuber enlargement. High
internal turgor pressure develops from tissue expansion during
rapid tuber growth. Fertilizer placed so that growth is
excessively rapid increases growth cracking. Growth cracks in

Fig. 16. Immature tuber surfaces, skinned and abraded.



Fig. 17. Cracking: A, crack caused by impaction of turgid tuber
during digging; B, growth crack that healed over before digging.

Fig. 18. Harvest or thumbnail cracks following mild bruising and
surface drying. (Courtesy W. C. Sparks)

the field before harvest frequently wound heal and. as tubers
continue to grow, become relatively shallow and of little
consequence (Fig. 178). Wound-healed cracks seldom become
infected. Potato cultivars difter in susceptibility to injury,

Growth cracks may also develop in tubers of plants with the
vellow dwart virus. potato mop-top virus, or certain strains of
the spindle tuber viroid.

Mechanical cracking during harvesting may follow sudden
impacts (Fig. 17A). Cracking is dependent upon varietal
response, tuber maturity, internal tuber turgor, and degree of
mechanical compression during harvest and movement into
storage. Immature tubers and large tubers are most casily
injured. Severity is greatest when tuber temperatures are low
and tissue is turgid. Tubers with high internal turgor are casily
cracked to a depth of 5 mm or more. Extreme turgidity results
when soil moisture levels are high and roots continue to function
after vines have been suddenly killed by rost, by herbicides. or
by harvesting tubers when vines are green. Root pruning.
undercutting, or pre-harvest vine killing reduces incidence of
cracking. Delaving digging fora few hours carlyin the day unul
the soil is warmed may also reduce cracking considerably.
Severely cracked tubers are of little value because wound
healing ts incomplete, dehvdration is rapid. and incidence of
tuber rot may be high. Paradoxically. shatter bruising becomes
more severe with high tuber turgor and black spot intensifies
with low tuber turgor,

Harvest crucks are crescent shaped. resembling cracks made
with a thumbnail. They are usually shallow, 1-2 mm deep. and
result from sough handling and drying of the tuber surface
tissue after dipging, particularly when tubers are turgid (Fig.
18). Severity of injury depends on intensity of bruising and
rapidity ol dehydration. Direct harvesting by machinery often
reduces incidence of harvest cracks as compared to harvesting
by lifting tubers to the soil surface and gathering them later.

The catechol test (1-1.57 practical grade) reveals arcas of
injury by turni1g them dark red to purplish within 3-5 min of
treatment. Catechol, a polyphenol, is oxidized by phenolase,
which s released from recently broken cells. Itis net effective in

identifying tissue bruised by black spot without rupture of the
surface, nor is the reaction obtained after wounded tissue has
healed.

Control

1) Little can be done to avoid cracking during the growing
period except by judicious irrigation, fertilizer application,
plant spacing, and cultivar selection.

2) Delay harvest until vines have been dead for some time and
tuber periderm has matured. Avoid harvesting from cold soil.

3) Avoid sudden impact on tubers, and protect them from
rapid drying after digging and during transit from ficld to
storage,
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Blackspot

Blackspot is always caused by bruising injury. either from
impact during harvest, handling, and grading, or from pressure
during storage. The disorder is well known in North America
and northern Europe and has become an increasingly serious
problem in most potato-growing areas that have adopted
mechanical harvesting and handling techniques.

Symptoms

Blue-gray to black discolored areas develop just beneath the
tuber skin (Fig. 19). Internal symptoms dn not appear
immediately after brusing but develop to full intensity over a
period of 1-3 days as flattened, spheroidal blue-gray patches
centering in the vascular region. Margins are diffuse and grade
into the unatfected tissue. Blackspot is usually more noticzable
atthestolonend of the tuber than at the apical end. Tubers with
internal blackspot frequently show no external svmptoms,

Melanin s present on intracellular protoplast surfaces and on
inner wall surfaces of affected cells. The absence of wound
periderm in lesions is characteristic of blackspot and helps to
dilferentiate this disorder from other internal defects such as
internal brown spot, heat necrosis, and certain internal lesions
caused by pathogens.

Histopathology

Bruising injury initiates a series of biochemical oxidations in
damaged cclls. Phenyl substrates such as tyrosine are oxidized
to conjugated quinones by polyphenol oxidases. The quinones
polymerize to produce the black pigment. Oxidation reactions
are usually completed within 24 hrof bruising, and spots neither
enlarge nor disappear during subsequent storage.

Epidemiology

Severity of blackspot is determined by both the number of
damaged cells and the amount of melanin produced in each one.
An impact will damage more cells in susceptible tubers than it
will in resistant ones, and larger, deeper spots will form. Tuber
susceptibility is influenced by a number of factors.

Tubers with low turgor pressure are more likely to have severe
blackspot. Therefore, blackspot is usually more serious after a
dry growing scason in nonirrigated growing areas. Conditions
such as low soil moisture, poor root development, or hot dry
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Fig. 19. Blackspotinternal bruising. (Courtesy S. L. Sinden and R.
W. Goth)

days before harvest tend to predispose to bruising injury.
Because of tuber hydration differences, tubers with high specific
gravity are usually more susceptible to bruising than are tubers
with low specific gravity from the same lot. Susceptibility can
increase during storage because of physiological aging and
dehydration.

Mature tubers are more susceptible than immature tubers,
and the stolon end is more susceptible than the apical end.
Temperature of the tubers at the time of bruising influences
severity. Tubers bruised at 20-307C are less altected by black-
spot than are those bruiz-d at temperatures below 10°C,
Because of differences in both mechanical strength and solids
content, cultivars differ significantly in susceptibility to bruising
and blackspot development.

Tubers harvested from soils deficient in potassium tend to be
more susceptibie to bruising and blackspot development. Low
potassium content in tubers is associated with high phenolic
content and low tuber hyvdration. High phenolic content and
active oxidase systems in damaged cells result in abundant
production of melanin.

Nitrogen fertilization, ethylene concentrations, and soil
carbon dioxide levels have been reported to afleet blackspot
susceptibility in some growing areas. The speeific effect of any
one environmental factor on susceptibitity of tubers to black-
spot depends on the cultivar, the cultural conditions, and the
interaction with other environmental factors.

Control

1} Reduction of bruising is most important for control of
bluckspot. Use cquipment for harvesting, transporting,
grading, and handling tubers that is well designed and carefully
adjusted to minimize impact forees,

2) Use sound cultural management practices, including
adequate potash fertilization, especially on heavy soils that are
likely to be deficient in potassium. Irrigate as long as vines are
green.,

3) Warm tubers in storage to 20°C before grading and other
handling operations. Using sprout inhibitors and adding
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moisture to the storage atmosphere will help prevent
dehydration and bruise damage in tubers taken out of storage.
4) Use resistant cultivars.
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Tuber Greening and Sunscald

When tubersare exposed for some time to light in the field or
after harvest, chlorophvll forms in the leucoplasts and tuber
tissue turns green. Sun green, sometinies less correctly called san-
scald, develops in tubers not covered by soil in the field and
therefore exposed to intense sunlight.

Green tissue may extend 2 em or more into the tuber and is
often accompanied by purple pigmentation. Such tissue is high
in solanine, bitter in flavor, and believed to be toxic to humans
when ingested. The processes of greening and solanine
productionare independent. Affected tubers are not marketable,
and losses may be high.,

Sunscald injury develops in tubers exposed to intense
sunlight as restricted areas with almost-white skin, often
covering a sunken necrotic area. (See high temperature field
injury.)

Certain potato cultivars have atendencey to set tubers near the
soilsurface. Throwing soil toward the plants during cultivations
often effectively covers tubers and reduces greening. However,
tubers may be exposed later by soil erosion or by cracks formed
as soil dries or tubers enlarge. Ordinarily, severely greened
tubers are not predisposed to rot unless sunlight and heat have
been intense.

Table stock potatoes should be stored in the dark.
Fluorescent or natural lighting in market displays causes
superficial and, occasionally, deeper lavers of the tuber to turn
green. Color is persistent; it is not removed by placing tubers in
the dark. Greening develops more rapidly at room temperature
than in cold storage. Potato cultivars show differences in
intensity of greening and the depth to which it develops. Tuber
rinses with surfactants, used experimentally, show promise of
reducing the intensity of greening.
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Internal Sprouting

Sprouts that develop during storage may become ingrown by
penetrating into the tuber. Internal sprouts frequently are in
eyes with tightly clustered multiple “rosette” sprouts, which may
be unbranched or, more frequently, pranched (Fig. 20). Sprouts
may penetrate the tuber directly above, or sprouts from an eve
on the bottom of the tuber may grow up through the same tuber.
Sprouts from tubers with deep eves may penetrate into the side
of the eve depression.

The disorder has been known for over a century. It is more
frequentin old tubers and in those stored at 12-15°C. Pressure
on tubers within the storage pile restricts sprout growth and
induces sprout penetration of tuber tissue. In old tubers, sprouts
often tuberize within the parent tuber, splitting it open.

Internal sprouting was recently associated with sprout
inhibitors used in concentrations below those required for
complete sprout inhibition. Concentrations that completely
inhibit all external sprouts also inhibit internal sprouts, but
insufficient concentrations actually stimulate internal sprouts.
Isopropyl-m-chlorocarbanilate (CIPC)stimulatesinternal
sprouting toa greater extent than does pressure on tubers under
a deep pile. Other chemicals stimulating tightly clustered.

Fig. 20. Internat sprouting, showing rosette of sprouts on the
underside, small tubers on internal sprouts, and necrosis under
or at the sprout apices. The last resembles calcium deficiency.
(Courtesy E. E. Ewing)

Fig. 21. Secondary tubers formed directly on sprouts from
physiologically old tubers.

multiple sprouts also cause internal sprouting.

Necrosis at or slightly below the sprout apex is common on
the external sprouts of tubers containing internal sprouts, and
apicies of internal sprouts become similarly necrotic when they
emerge from the tuber. (See Ca deficieney.)

Selected References

EWING. E. E.. J. W. LAYER, J. C. BOHN, and D. J. LISK. 1968.
Effects of chemical sprout inhibitors and storage conditions on
internal sprouting in potatoes. Am. Potato ). 45:56-71.

WIEN, H. C.,and O. SMITH. 1969. Influence of sprout tip necrosis and
rosette sprout formation on internal sprouting of potatoes. Am.,
Potato J. 46:29-37.

(Prepared by W. J. Hooker)

Secondary Tubers

Tubers sprout cither in storage or in the field, producing 1.ew
tubers directly without forming a normal plant. Secondary
tubers form on sprouts from physiologically old tubers after
completion of the rest period when carbohydrate reserves are
low (Fig. 21). The disorder is associated with warm (20°C)
storage followed by low temperature after planting or by
transfer of sprouted tubers from warm to cold storage. Even at
low temperatures, however, physiologically overmature tubers
held past normal usage form secondary tubers. Usually the
problem is of minor importance, although poor field stands with
missing hills result. (See also calcium deficiency.)
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Coiled Sprout

The discase has been reported primarily from the British sles,
where up to 269 of plants in certain ficlds are affected, but it
probably exists elsewhere.

Symptoms

Underground sprouts lose their normal negative geotropic
habit and coil. sometimes rather tightly, with the curved portion
of the stem often swollen and sometimes fasciated or split (Fig.
22). Light brown lesions with transverse or longitudinal cracks
may be present on the stem inside the coil. Delay in emergence of
coiled sprouts results in uneven stands. Affected plants may
produce more stems than normal, and tubers may form
unusually early and mature slowly.

Causal Factors

Coiling is believed to be the result of overmature seed. soils
resistant to sprout penetration and emergence, or infection by a
fungus. Verticillium nubilum Pethybridge has been isclated
from affected stems. This pathogen has caused superficial
browning and russcting of some stem bases, accompanied by
shallow cortical invasion underlaid by suberin. In some
instances, inoculation with the pathogen has caused coiled
sprout, but ¥. nubilum is not the sole cause of the disease.

Low soil temperatures, presprouting in light, long sprouts at
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the time of planting, overmature seed tubers with long sprouts
that may form tubers before sprouts emerge from the soil, and
deep planting in compacted soil have been associated with the
disorder. Ethylene in low concentrations as produced by sprouts
induces coiled sprout characteristics.

Control

1) Avoid planting seed tubers with long sprouts.

2) Avoid planting in compacted soil resistant to sprout
penctration,
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Hair Sprout

Tubers with hair (or spindle) sprout germinate early,
sometimes even before harvest, producing thin sprouts as small
as 2 mm in diameter. A single tuper may produce normal
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rig. 22. Coiled sprout. (Courtesy M. A. Alii, J. H. Lennard, and A.

sprouts and hair sprouts from different eves. Hot, dry
conditior.s in the late growing season, particularly during tuber
development, favor hair sprout formation. Hair sprout has been
induced in tubers of certain, but not all, cultivars by warm water
treatment for 2 hr at 45°C.,

Virus infection has not been consistently associated with
spindle sprouts. Early maturity following attack by
Colletotrichum atramentarium may predispose to spindle
sprout. Certain mycoplasma discases (aster vellows)and pysliid
vellows are also known to cause hair sprout. (See also genetic
abnormalities —wildings and feathery wildings  and internal
heat necrosis.)
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Nonvirus Leafroll

Leafrotiing is a symptom with several unrelated causes, When
carbohydrate translocation from the folinge is impaired, starch
accumulates in the leaves, causing them to become leathery and
roll upward (Fig. 23) in a way similar to that of virus leafroll,
Leafroll-like symptoms, with or without chlorosis and red
pigmentation, may accompany Rhizoctonia. Fusarium wilts.
and other diseases: injury by mycoplasmas: and mechanical
injury of stems.

Leafrolling may also be genetic, Although genetic nonvirus
leafroll has symptoms similar to those of virus leafroll, its
nonvirus origin was established by failure of graft transfers to
infect suitable indicator hosts. The recessive mutant gene (Ir)
causes starch accumulation in leaves, but anatomically defective
phloem is not detectable,

Certain nutritional soil conditions. such as nitrogen toxicity,
also cause nonvirus leafroll. Rolling of leaves is uniformly
intense from plant to plant. In contrast, leafroll severity invirus
leafroll usually differs considerably between plants. Cultivars
differ in degree of response. Correction of unsatisfactory soil

Fig. 23. Nonvirus leafroll: A, plant grown in calcareous muck; B,
apparently normal plant grown in similar soil supplemented with
sulfur. (Courtesy W. J. Hooker and G. C. Kent)
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conditions permits normal leaf development.

Toproll affects the plant’s apical leaves. Its symptoms are
similar to those of virus leafroll, but toproll results from feeding
by the potato aphid Macrosiphum euphorbiae in the absence of
the leafroll virus. When aphid feeding is discontinued, new
growth is normal. Plants grown from progeny tubers are free
from toproll and give normal vield.
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Hail Injury

Hail tears and often perforates leaves (Plate 4), Although the
potato plant has a remarkable ability to recover from foliage
damage. hail may cause defoliation sufficiently severe to impair
vields. On stems. injury is localized at the point of impact;
epidermal tissue turns grav with a paperlike sheen.

Yield reducetion varies with severity of injury, time of injury,
and cultivar, Greatest losses result from vine damage within 2-3
weeks after blossom set. Marketable yields are adversely
aflected through the relative increase in small tubers or in off-
shaped tubers. Specific gravity may be reduced when hail
damages mature vines. Hailinjury seldom predisposes foliage to
infeetion except for the Ulocladium disease in the tropics.
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Wind Injury

Wind injury is evident on upper surfaces of leaves that,
through wind movement, have been rubbed by other leaves,
usually those directly above the affected area. Discolorcd tissue
is brown when dry. varies in size, has a glistening or cily
appearance {Plaie 5). and sometimes extends through the leaf,
following severe high winds, leaves may be tattered at the edges
and the plant may appear hard (non succulent). Very cold winds
lasting for some time cause undersurfaces of leaves, particularly
those turned over by the wind, to be brown. sometimes with a
silvery or glassy sheen.

Leaf injury may be more severe at the edges of the field.

During harvest. tubers in sacks in the field may be damaged
by drying wind. Injury may become evident later during storage
as sunken spots undcrlying the skinned portions of tubers. The
surfaces may be overgrown with bacterial slime, causing decay
in storage. Damage is greater with immature than with n.ature
Lubers and with open mesh sacks than with tightly woven ones.
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Lightning Injury

Lightning injury frequently accompanies severe
thunderstormis. “everity is influenced by field and plant
hydration. Diagnosis of injured plants without information
about the distribution of plant injury in the field is hazardous
because plant symptoms may resembl: those of blackleg or
Rhizoctonia injury, and tuber symptoms may closely resemble
those of ring rot. Bleached stems at soil line often resemble those
injured by high temperatures.

Symptoms

Within a few minutes to a few hours following lightning,
stems collapse and tops of plants irreversibly wilt. Leaves may
remain green and turgid even though stems collapse. In most
cases, injury extends 5-10 cm or more above the soil line: it
rarely proceeds from the top downward. Affected portions are
soft, water-soaked, and discolored black to brown. Tissues soon
dry and become chocolate brown to tan, with the surfac layer
light tan to almost white. Pith collapse results in flattened,
ribbed, or angular stems with longitudinal depressions of the
surface. Collapsed pith forms horizontal plates, and when the
stem is split longitudinally the pith anpears crosshatched or
ladderlike (Fig. 24A).

Leaf petioles in contact with soil are often collapsed.

Belowground portions of stems and roots frequently escape
injury. Water transport is often sufficient to maintain green,
turgid tops, which may survive despite collapse of
parenchymatous stem tissue.

Injured tubers have brown to black skin necrosis with some
cracking. Surfaces may be injured on opposite sides of the tuber,
with intermediate cortex and pith becoming soft and remaining
relatively normal in color for a short time. Later, decay extends
completely through the tuber, leaving a hole. Unaffected
portions of tubers often remain solid. In some, the cortex is
intact even though the pith is completely collapsed and watery.
Tubers may resemble those affected by other diseases such as
Pythium leak or bacterial ring rot (Fig. 24B).

Epidemiology

A ficld may show various patterns of injury: 1) areas in which
all plants are killed adjacent to cicarly defined areas of healthy
plants, 2) areas with dead plants at the center and progressively
reduced injury toward the periphery, 3) poor defined arcas with
no focus of injury, in which plants with varying degrees of injury
are scattered among dead plants and unaffected ones (Fig. 25),
and 4) a number of scattered, relatively small foci containing
several plants in various stages of injury.

These variations result from differences in intensity of
electrical discharge and from variations in soil hydration.
Electrostatic discharge and conduction along irrigation pipes is
related to field distribution of injured plants.
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Fig. 24. Lightning injury: A, typical injury on plant, with necrosis at stem base, creaselike collapse of a branch (arrow), and ladderlike
breakdown of pith; B, tuber injury, sometimes resembling ring rot. Note hole through one tuber.

Air Pollution: Photochemical Oxidants

Potato injury by photochemical oxidants such as ozone,
probably peroxvacetyl nitrate. and related compounds has
recently been recognized. Symptom differences in the field
between the several photochemical oxidants have not yet been
determined. Losses in sensitive cultivars may be severe
following exposure early in the season.

Symptoms

Upper leaf surfaces are stippled by darkly pigmentzd spots,
sometimes with chlorosis and often with a bronzed appearance
(Plate 6). Injury is most severe on the lower, older Jeaves and
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Fig. 26. Photochemical oxidant injury, first evident as collapse of
palisade mesophyll. Bar represents 50 um.

progresses upwards. Later, plants become generally chlorotic,
with premature leaf death progressing usually from the bottom
upward. Leaves eventually drop but do not abscise rapidly.

Lower Ieaf surfaces may be light in color occasionally with a
glazed or silvery sheen.

Except forsevere reduction in yield associated with very early
senescence, tuber symptoms have not been reported.

Symptoms become evident within 24 hr following heavy
¢xposure, but symptoms of advanced necrosis and chlorsis may
require 10-14 days.

Histopathology

Palisade mesophyli cells are first affected (Fig. 26), becoming
water-soaked and later necrotic. The spongy mesophyll and
cpidermis collapse later.



Epidemiology

Oxidantinjury is present in North America along the Atlantic
coast, in the Great Lakes region, the southeastern states, and the
Pacific southwest.

Photoche‘cal oxidants accumulate under two conditions:
when relativ: - farge areas of high atmospheric pressure are
present or when air raasses stagnate under a layer of warm air
over cool land surfaces. Episodes in which normal dispersion of
air pollutants is prevented may occur infrequently during the
growing season. Extent of injury is influenced by the
concentration of oxidants, length and frequency of exposure,
plant genotype, and stage of plant growth.

Ficld exposures of approximately 0.15 ppm ozone for a day
or two are usually sufficient to injure xposed foliage. The
amount of damage is largely influenced by density of the foliage
mass, If the foliage mass is sufficiently large, a “sink™ effect is
produced, by which air pollutants are absorbed or adsorbed by
leaf surfaces and removed from the immediate environment,
thereby protecting nearby foliage. Thus, exposed leaves above
the foliage canopy may be severely damaged and leaves within
the canopv escape injury. Injury may be more severe at field
margins than in the center. If plants are small, leaf and stem
exposure is complete and the sink effect is negligible; thus plant
injury may be severe following an early season episode.

Ozoneinjury can predispose potato leaves to Botryiis cinerea
infection and may increase susceptibility to other pathogens.

Control

Wide varictal differences in tolerance exist.

Cultural practices stimulating vigorous carly season vine
growth may hasten plants past the susceptible, small vine stage.
Maintenance of a heavy foliage canopy until the tuber crop is
assured may lessen or avoid midseason injury,
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Air Pollution: Sulfur Oxides

Although potato leaves arc relatively resistant to injury by
sulfur oxides, they rezpond with iaterveinal necrotic areas that
are light tan to white (Plate 7), and yields may be reduced., Injury
should be anticipated in areas with air flow drainage patterns
downwind from power plants and smelters. If sulfur oxides ars
injuring potatoes, symptoms on nearby sensitive plants (alfalfa,
bean, sovbean, beet. Amaranthus spp., bindweed, morning
glory, lettuee, curly dock, plantain, ragweed, or sunflower)
should confirm the diagnosis.
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Chemical Injury

A wide range of chemicals accidentally orimproperly applied
can cause divergent symptoms on foliage and in tubers, with
severity depending upon the nature of the chemical, its dosage,
environmental factors, and plant maturity and variety. Vine-
killing preharvest defoliants frequently cause necrosis at the
stolon attachment and vascular discoloration of the stem end,
resembling symptoms of stem-end browning or Verticillium
wilt. Interveinal leaf tissues may be burned. Moisture stress
increases symptom severity.

Growth-regulating herbicides for weed control in potatoes or
herbicides airborne from nearby areas may cause leaf distortion
superficially suggesting virus infection (Fig. 27A and B). Tuber
skin color may be affected. Some (2,4,5-trichlorophen-
oxyacetates) cause necrosis not unlike that from severe Jeep
scab and also tuber deformation (Figs. 27C and D).

In storage, netting of tuber surfaces and dehydration have
followed foliage application of maleic hydrazide; abnormal
sprouting has been associated with other compounds. (See
internal sprouting.)

Improper application of fertilizer to foliage or application
too close to the seed piece in the soil causes foliage or seed tuber
necrosis, followed by decay, poor stands, and low plant vigor,
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Fig.27. Chemical injury : A, burn of interveinal leaf tissue: B, Leaf
deformation by growth-regulating herbicide; C and D, tuber
injury from foliage application of 2,4,5-trichiorophenoxyacetate.
(C and D, Courtesy W. J. Hooker and A. F. Sherf)
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Stem-End Browning

Stem-end browning describes an internal. brown
discoloration of tuber tissue near the stem end or stolon
attachment. In its broadest sense, the term is applied to a
shallow discoloration with one or more unknown causes. These
may include chemical injury, sudden death of the vines. or
infection from pathogens, including viruses. Usually it does not
show up at harvest but develops during the first one to three
months in storage. Itis often confined to the 12-mm section at
the stolon end of the tuber and is more frequent in smaller
tubers. If penetration is deeper, the brown strands are confined
to the xylem of the vascular ring.

The disorder may b~ zonfused with virus leafroll net necrosis
(Fig. 28A). However. the latter penetrates deeper into the tuber,
and its brown necrotic strands involve the phloem either inside

Fig. 28. A, Stem-end browning; B, virus leafroll net necrosis.
(Courtesy Main Life Sciences and Agricultural Experiment
Station)

or outside of the xylem. It is more prevalent in larger tubers, and
affected tubers always produce leafroll-infected plants.

Recently, stem-end browning has been associated with early
scason leafroll virus infection, in which a limited amount of
tissue is affected and the virus does not always establish
infeetion. Thus affected tubers max not produce leafroll plants,

Stem-end browning may also come from another virus, as yet
unidentified. The virus is apparently grafi-transmitted and is
more prevalentineertain clone lines: its characteristics have not
been further clarilied.

Stem-end browning has noapparent effect on yield, although
affected tissue is believed to be sterile. Stem-end browning is
distinguished from Fusarium or Verticillium wilts by culture
techniques and from Verticillium infection or defoliants by
darker color and coarser strands, Other tuber discolorations
often confused with stem-end browning include those due to
rapid vine killing (by chemicals or flame) or to frost or frost
necrosis.

Control

Cultivars differ in resistance.

Avoid excessive applications of phosphorus, potassium, or
chlorine in the fertilizer.
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Nutrient Imbalance

Nutrient deficiencies or excesses are frequently difficult to
diagnose without analysis of the plant and may be confu sed with
other environmental stresses. Deficiency or excess of a
particular nutrient may be influenced by its availability, its
balance with other nutrients, soil pH, ion-exchange levels, and
other factors. Because potatoes are grown unier widely
different conditions of altitude, day length, light iniensities, soil
types, temperatures, and soluble salts, general symptoms
described for nutrient disorders are often based upon controlled
sand culture trials rather than on field conditions.

Potatoes grow well in soils above pH 5.0. In more acid
conditions, Ca and Mg deficiency, phosphate fixation, and

ammonium, Mn, and Al toxicity may occur, and leaching of

some nutrients (e.g., Mg) is increased. Conversely, highly
calcareous or overlimed soils create unfavorable alkaline
reactions that reduce availability of Mn, Fe. B, and Zn.
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Nitrogen

Adequate N in the presence of sufficient P and K stimulates
apical and lateral meristems and thus increases leaf
development. Adequate N should be available during rapid
plant growth and tuberization. N requirements increase rapidly
with plant growth, as N is translocated from lower to upper
leaves and much of it eventually to the tubers.

Deficient plants are generally chlorotic, slow growing, erect,
and have small, erect, pale green leaves (Plate 8). Lower leaves
are most severely affected. Veins stay green somewhat longer
than does interveinal tissue. The extent of deficiency determines



severity of stunting, chlorosis, loss of lower leaves. and yield
reduction,

Speckle leaf, brown to black spots about | mm in diameter
that may coalesce on lower leaves of some early cultivars. is
particularly severe following heavy rainfall or irrigation and is
alleviated by nitrogen side dress.

When N toxicity oceurs, yields are reduced: root development
is poar:and teaves may roll upward or be deformed as “mouse
car.™ N toxicity can result from the form of N available to the
plant. Ammonium and or nitrites formed from urea and
diammonium phosphates are toxic. In certain soil conditions,
principally very acid soils, conversion of ammonium nitrogen to
nitrate nitrogen is impaired. In nutritional leafroll, nitrate
nitrogen is insufficient to balance an otherwise normal amount
of ammonium nitrogen available to the plant.

Surface applications of urea, especially when banded at high
rates, can cause damage from ammonia volatilization. Burning
ofleavesand stem lesions developing near urea pellets are due to
ammonia volatilization and not to an osmotic or salt effect,
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Phosphorus

P is essential early in plant growth and later in tuberization.
Early scason deficiency retards growth of terminals, and plants
are small. spindly. and somewhat rigid. Leaflets fail to expand
normally, are crinkled or cup-shaped (Plate 8), darker than
normal, lusterless, and may be scorched at the margins. Lower
leaves may drop. Leaflets are not bronzed. Leaf petioles are
more erect than normal. Maturity may be delayed.

Roots and stolons are reduced in both number and length.
Tubers lack external symptoms, but internal rusty brown
necrotie flecks or spots are scattered throughout the flesh in
sometimes radial patterns, (See also internal heat neerosis and
caleium deficiency.)

Deficiency occurs on a wide range of soil types: calearcous
soils. peat or muck. light soils with low initial P content, and
heavy soils in which P is fixed. Much of the P is translocated
from vines to tubers, and the crop removes a considerable
amountof P from the soil. Banding of P lateral to the seed picce
deereases P lixation and improves P uptake over that from
broadeast application. Littde can be done to alleviate P-
deficiency symptoms during the growing season, although
foliage applications with neutral ammonium phosphate or
polyphosphate are helpful.

Where P levels are very high, especially in alkaline soils, the
uptake and or utilization of Zn or Fe may be reduced.
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Potassium

K is essential for normal growth and is highly mobile within
the plant.

Larly appearance of unusually dark green, bluish green, or
glossy foliage is a dependable symptom of K deficiency. Light

Fig. 29. Potassium deficiency symptoms on tubers. Note corky
sunken areas at stolon end. (Courtesy W. M. Laughlin)

green spots (approximately | mm in diameter) appear between
veins of larger leaflets, resembling mild mosiac. When K is in
relatively short supply, older leaves first become bronzed, then
necrotic (Plate 9). and senesce early. Leaflet margins from the
middle to the top of the plant roll upward. Leaflets are small,
cupped, crowded together, crinkled, and bronzed on the upper
surface. The overall bronzed effect of the foliage is
predominant. Leaves frequently have dark brown specks on the
lower surface, which may coalesce and cause marginal necrosis.
Symptoms may develop rapidly within four days during sunny,
bright weather following cloudy, rainy periods. Necrosis is
severe and may superficially resemble early blight. Stalks may
be slender with short internodes. When K is acutely deficient,
the growing paint is affected and general dieback develops.
Plants become short and squatty with shortened internodes.
They appear droopy because of downward leaf curling.

Roots are poorly developed and stolons ate short. Tuber size
and yield are reduced. Necrotie, brown. sunken lesions develop
atstolon ends of tubers of plants with neerotic foliage. Later, the
affected tissue dries out, forming a hollow spot, 2 mm or more in
diameter, surrounded by corky tissue (Fig. 29).

K deficieney predisposes to black spot. During carly storage,
K-deficient tubers frequently develop brown to black enzymatic
discoloration of raw cut surfaces on exposure to air.
Discoloration is frequently more severe at the stolon end of the
tuber. Tuber flesh also becomes dark after cooking.

K deficiency is most common on light, easily leached, sand,
muck, or peat soils. Exchangeable K should exceed 200 kg/ha
(178 1b; A} in the upper 20 ¢cm of soil.
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Calcium

Ca-deficient plants are spindly, with small, upward rolling,
crinkled leaflets having chlorotic margins that later become
necrotic (Plate 9). In severe deficiency, leaves are wrinkled and
stem tips cease to function, giving a rosette appearance. Root
meristems cease to grow.

Tubers on Ca-deficient plants develop diffuse brown necrosis
in the vascular ring near stolon attachments, and later similar
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Fig. 30. Calcium deficiency on potato sprouts: A, healthy sprout;
B, sprout treated with calcium sulfate; C and D, calcium-deficient
sprouts. Note necrosis of tips and tendency for lateral branching.
(Courtesy P. W. Dyson and J. Digby, and copyright permission of
Macaulay Institute for Soil Research)

flecks form in the pith. Tubers may he extremely small. Internal
rust spot is more severe on dry soils with low Ca, a tendency
lowards acidity, and a moderate to low basc-exchange ca pacity.
{See also internal heat necrosis and phosphorus deficiency.)
Seed tubers in Ca-deficient soil remain hard and produce
relatively normal roots. Sprouts become necrotic immediately
behind the tip and fail to grow (Fig. 30). In storage, sprouts
become necrotic 3-5 mm below the tip due to collapse of outer
cortex and inner pith and, later, of vascular tissue. Multiple
lateral branches form below the sprout tips, and, with certain
cultivars, small tubers known as “little potato™ form
prematurely before the development of aboveground sprouts.
Ca deficiency and internal sprouting show certain relationships.
Symptoms are most severe on sandy soils below pH 5.0,

where symptoms of Mn or Al toxicity may also be present.

Calcium treatment of sprouts reduces incidence of necrosis
below the tip. Liming the soil above pH 5.2 should be avoided
because of potential problems with common scab.

Transfer of Ca from old leaves to young leaves and from the
top of the plant to the tubers is limited. Ca must therefore be
available during the entire growing period, particularly during
tuberization.
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Magnesium

Mg deficiency is one of the most commonly encountered
nutritional problems. Because Mg is highly mobile within the
plant, new growth appears essentially normal and symptoms
develop on older leaves. A pale, light green color—later. a more
definite necrosis  begins at the leaf tips and margins and
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progresses between the veins, becoming most severe toward the
center of the leaf. Leaves are usually thick and brittle and roll
upward, with tissue raised between the veins (Plate 10). Neerotic
leaves cither hang on the plant or abscise. Roots are stunted,
reducing the ability of the plant to absorb Mg.

Mg deficiency usually occurs on sandy acid soils that are
readily leached, but may occur on heavier soils. High rates of K
fertilizer or high K levels in soil accentuate My deficiency.
Solubility of Mg is increased by acid-forming fertilizer.
Symptoms frequently follow leaching after periods of heavy rain,
Exchangeable Mg should exceed 50 ppm for mineral soils ard
higher (100 ppm) for muck soil.

Mg may be supplied as MgSO, in fertilizer or dolomitic
limestone or as a 20 MgSO, foliage spray. Higher
concentrations usually may be applied to foliage without injury.
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Sulfur

S deficiency, as reported in several locations in Wisconsin on
Planefield loamy sand, is a generai yellowing with a slight
upward rolling of leaflets. Symptoms vary from slight to
marked chlorosis over the entire plant. Beneficial responses
have bheen obtained with sulfur soil applications or with
ferwoizers containing sulfur,

Aluminum

Al toxicity causes roots to become short and stubby with few
branches. Leaves remain normal in color although plants are
smalland spindly, with branches rising at acute angles. Potato i=
relatively tolerant to Al toxicity.

Al solubility is often high in soils helow pH 5.0. Soil
conditions may be corrected by adding superphosphate
fertilizers, increasing soil pH to 5.5 or above with lime, or
increasing the organic content of the soil.
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Boron

In plants with B deficiency, growing points dic; lateral buds
become active: internodes are shortened: leaves thicken and roll
upward: and the plant assumes a bushy appearance. Starch
accumulation in lcaves is pronounced and may resemble virus
leafroll. Roots are short, thick, and stunted. Tubers are small.
showing surface cracking particularly at the stolon end and
localized brown arcas under the skin ncar the stolon end or
brown vascular discoloration.

Some sandy soils, peat soils, and overlimed, acid, upland,
podzolized soils are inherently low in B or apparently fix B so
that it becomes unavailable to plants.

Applications of B should be made cautiously because B is
toxic to potatoes in relatively small amounts and deficiency is
rare,
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Zinc

Zn deficiency causes stunting of plants and upward rolling of
voung. chlorotic leaves suggestive of early virus leafroll
symptoms, with terminal leaves being somewhat vertical. Gray

Fig. 31. “Fern 'eaf” symptom of zinc deficiency. (Courtesy L. C.
Bowan and G. E. Leggett)

brown to bronze arcas, later becoming necrotic, may develop on
leaves near the middle of the plant and later involve all leaves.
Brownish spots may develop on petioles and stems.

Zn deficiency in recently developed land. alkaline soils, or
soils with excessively high P results in severe stunting, leaf
malformation, and indistinet bronzing or yellowing around leaf
margins. The “fern leaf™ symptom (Fig. 31)is present when the
voungestleavesare cupped upwards and rolled. becoming thick,
brittle and puckered from expansion of intercostal dssue and
apparent lack of expansion of leaf margins. Severely affected
plants die carly.

Foliage applications of ZnCl; or ZnSOu alleviate deficiency
symptoms. In some cases without recognizable Zn deficiency,
yield increases have been obtained when Zn salts were applied to
foliage as fungicides or used as soil treatments. Excessive liming
or application of P enhances symptoms of Zn deficiency.

Speckle bottom (small to large necrotic spotting and chlorosis
of basal leaves, which progress upward) has responded (o
applications of zinc.

In laboratory studies, Zn toxicity develops as general
stunting, with a slight chlorosis at tips and margins of upper
leaves and purple coloration on the undersides of lower leaves.
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Fig. 32. Manganese toxicity: A, early symptoms on stems; later symptoms of manganese toxicity within (B) and on (C) stems. (A, Courtesy
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Manganese

Deficiency symptoms develop on the upper parts of the plant
as loss in luster. Light green interveinal chlorotic tissue later
becomes yellow to white (Plate 10). Lower leaves are least
affected. but leaves near shoot tips often roll upward. When the
deficiency is severe, brown necrotic spots develop alongthe veins
of younger leaves.

Mn deficiency is possibly the most common micronutrient
problem for potatoes grown on muck, sandy muck. or
depressional soils in central and eastern coastal areas of the
United States. It is reported on calcareous or excessively limed
soils of high pH. Mn should be applied when leaf tissuc tests
show less than 25 ppm Mn. Manganese sulfate applied to foliage
attherate of 1.1-2.2 kg of Mn perhectare (1- 21b A)is useful to
correct the deficiency. Certain fungicides containing Mn also
alleviate the condition,

Mn toxicity, to which the potato is especially sensitive. has
been called stem streak, stem streak necrosis, land streak. or
stem break. Cultivars differ in sensitivity or tolerance. Early
scason Mn toxicity develops slowly: initial symptoms are
necrotic flecking of stemand petioles (Fig. 32A). Sometimes leaf
flecks develop into elongate, dark brown pitted streaks. This
occurs first at the lower stem and progresses upward. being most
severe at petiole bases and developing on the petioles (Fig.
32Band C). Necrosis becomes evident at 400 ppm in lower leaves.
It appears first on the epidermis and later extends deep into
the cortex, ray tissue. and pith. The Mn content in leaf
tissue and the symptom severity increase rapidly after the
blossom stage. Affected parts become necrotic and dark brown
and are extremely brittle. The terminal bud may eventually die.
The plant remains stunted and may die early. In solution
culture, 25 ppm Mn reduces growth.
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Leaves lose their typical bright green color and show a pale,
yellow-green interveinal chlorosis that becomes progressively
severe, often with marginal necrosis. Eventually the leaves dry,
hang down, and break off as the petiole becomes brittle.
Inverveinal necrosis may precede leaf death,

Symptoms have not been described in tubers except that yield
may be severely impaired.

Neither pH alone, Ca deficiency, Mg deficiency, nor Al
toxicity cause stem streak necrosis. Stem necrosis by rugose
mosaic virus may be superficially somewhat similar.

Symptoms of Verticillium wilt are enhanced in pot culture in
soil with a high level of Mn.

Mn increaces in solubility as the soil becomes more acid;
toxicity occurs on light acid soils at pH 5.0 and below. Additions
of lime to raise soilabove pH 5.0 are usually effective inavoiding
injury. Both symptom severity and Mn content of leaves are
reduced with Ca lime soil treatment and increased with chioride
or sulfate fertilizers.
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Part II.

Disease in the Presence
of Infectious Pathogens

Bacteria

Blackleg, Bacterial Soft Rot

Blackleg affeets stems and may produce soft rot in tubers.
Blackleg and bacterial soft rot are principally caused by two
varicties of the same species of bacterium, Erwinia carotovora.
They are found wherever potatoes are grown. Bacterial soft rot
also affeets the fleshy and leafy organs of a wide range of other
plants and £ carotavora var, agroseptica has been reported on
sunflowers in Mexico and sugar beets in the United States.

Symptoms

Bluckleg. Symptoms oceur at any stage of plant development,
Stems of infected plants typically exhibit an inky black decay,
which usually begins at the decaving seed picce and may extend
up the stem only a few millimeters or for its entire length (Fig.
33A. Plate ). Stem pith is often decayed above the black
discoloration, and vascular tissues in the stem are often dis-
colored. Infected plants are commonly stunted and have a stiff,
erect growth habit, particularly early in the season. Foliage
becomes chlorotic, and leaflets tend to roll upward at the
margins. Leaflets and, later, entire plants may wilt, slowly

decline, and eventually die. Young shoots may be invaded and
killed before emergence.

Stems, petioles, and leaves may also become infected through
wounds such as petiole scars, hail, or wind damage. Infection
may progress up or down the stems or petioles, thus producing
typical blackleg symptoms on plants that do not show infection
frominfected seed picces. In wet weather, decay is soft and slimy
and may spread to most of the plant. Under dry conditions,
infected tissucs become dry and shriveled and are often
restricted to the underground portion of the stem.

Tubers produeed by infected plants may show symptoms
ranging from slight vascular discoloration at the stolon end to
soft rot of the entire tuber. Typically, infected tubers have soft
rot in the pith or medullary region of the tuber only, extending
into the tuber from the stolon end (Fig. 33B and C).

Soft Rot. Tubers can also be affected with soft rot while in
storage or in the soil before harvest, and sced tubers decay after
planting. Infection occurs through lenticels and wounds or
through the stolon end of the tuber via the infected mother
plant. Lesions associated with lenticels appear as slightly
sunken, tan to brown, circular water-soaked areas, approxi-

Fig. 33. Blackleg: A, Erwinia carotovora var. atroseptica infection progressing up stems from decayed seed piece; B and C, tuber infection

through stolon from plant infected with blackleg.
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mately 0.3-0.6 em in diameter (Plate 12). In dry environ-
ments they may become sunken, hard. and dry. Sometimes
infection is arrested, and the diseased area dries, leaving a
sunken area filled with a mass of hard, black, dead material.
Lesions associated with injuries are irregular in shape, sunken,
and usually dark brown,

Soft rotted tissues are wet, cream to tan, with a soft, slightly
granular consistency (Plate 13). Infected tissues are sharply
delincated from healthy ones and are casily washed away.
Brown to black pigments often develop near the margins of
lesions. Rotting tissue is usually odorless in the carly stages of
decay but develops a foul odor and a slimy or ropy consistency
as secondary organisms invade infected tissue.

Causal Organisms

Blackleg. I. carotovora var, atroseptica (Van Hally Dye and
sometimes £, carotovora var. carotovora (Jones) Dye cause
blackleg. £ chrysanthemi Burkholder, McFadden, & Dimock
has recently been isolated from infected petato plants with
blackleg symptoms in Peru.

Soft Rot. E. carotovora var. carotovora (Jones) Dye and £
carotovora var. atroseprica (Van Hall) Dye are the most
common causes of soft rot. Some pectolytic Pseudomonas spp..
Bacillus spp.. Clostridium spp.. and Flavobacierium
pectinovorum have also been found associated with soft rot
infections,

E. carotovora is casily cultured and produces deep pits, or
craters, on selective media that contain polypectate, such as
Stewarts MacConkey-pectate medium or the Cuppels and
Kelman crystal violet-pectate medium (CVP). Some
Psevdomonas spp. and F. pectinovorum can also be cultured on
these media but produce only very shallow pits. Bacillus spp.
cannot be cultured on the CVP medium,.

E carorovora var. atroseptica and E. carotovora var. caro-
tovora are rod-shaped, Gram-negative bacteria, approximately
0.7 X 1.5 um in size, and have peritrichous flagella. They are
nonspore-forming and are facultatively anacrobic.

£ carotovora var. atroseptica forms acid from maltose and
a-methyiglucoside, produces reducing substances from sucrose,
aud does not grow above 36°C on nutrient agar or in nutrient
broth.

Typical strains of £ carotovora var. carotovora do not form
acid from e-methylglucoside nor reducing substances from
sucrose and will not grow above 36°C on nutrient agar or in
nutrient broth. Most strains do not produce acid from maltose,
although strains that do so are sometimes encountered,

Histopathology

Bacteria invade intercellular spaces, where they multiply and
produce pectolytic enzymes, including pectin methyl esterase,
depolymerase, and pectin lyase. These macerate the tissues by
breaking down the middle lamelia. Cellulolytic enzymes, pro-
duced in much smaller amounts, partially soften the cellulose in
the cell walls. Water diffuses from the cell into the intercellular
spaces, and the cells collapse and die. Starch is not destroyed
except in the later stages of decay.

Disease Cycle

Blackleg. The primary blackleg inoculum is borne on or in
seed tubers. After being planted, seed picces decay at varying
times throughout the growing scason, releasing large numbers
of bacteria into the soil, and sometimes infecting the stem of the
host plant (Plate 13). Bacteria may multiply and persist during
the growing season in the rhizosphere of the host and., possibly,
in the rhizospheres of certain weeds. They may survive the
winter in infected stems or tubers. Bacteria will survive in soil for
atleast a short time. Survivalis longerin cool, moist conditions
than in warm, dry conditions. The presence of infected plant
debris or tubers extends survival of bacteria.

Bacteria may move for some distance in the soil water and
contaminate developing daughter tubers of adjacent plants. The
amount of contamination of daughter tubers may vary greatly
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from season to scason depending upon environmental
conditions. Bacteria enter lenticels, growth cracks, or injuries at
harvest time and can survive in contaminated tubers during the
entire storage period. They are readily spread during seed
cutting and handling operations.

Soft Rot. Soft rot has a similar disease cycle. Bacteria are also
efficiently spread in water used to wash tubers,

Epidemiology

Blackleg. Contamination of seed tubers by Erwiniaisfavored
by moist soil and relatively cool temperatures (generally lower
than 18-19°C) and is generally more frequent in northern
production areas.

Erwinia cells released into the soil from decaying seed pieces
survive for varying periods of time, depending upon soil
temperature and, to a lesser extent, soil moisture, They may
survive for 80-110 days at 2°C but for shorter times at higher
temperatures. Some studies have indicated that the half life of
Erwinia cells in soil is approximately 0.8 days at —29°C, 7.8
daysat 0°C,5.6daysat 7°C, 4. daysat 13°C, 0.8davsat 18°C,
and 0.6 days at 24°C.

Tubers produced under warm (23-25° C or higher), dry condi-
tions are less likely to be contaminated because the pathogens
are less likely to survive, and they spread through the soil for
shorter distances than when the soil is cool and moist. Tubers
harvested from crops grown under dry soil conditions and high
soil temperatures may be essentially (or completely) free from
Erwinia contamination cven though they were produced by
plants grown from Erwinig-contaminated seed tubers,

Cool wetsoils at planting time followed by high temperatures
after plant emergence favor postemergence blackleg expression;
higher soil temperatures favor seed picce decay and pre-
emergence death of shoots. Greater total blackleg losses occur in

‘arm arcas than in cool ones. k£ carotovora var. carotovora
may cause typical blackleg infection if soil temperatures are very
high (30-35°C).

Invasion of seed pieces by Fusarium spp. may predispose
tissues to soft rot and favor blackleg development. High
nitrogen fertilization may retard blacklegexpression in ihie field,

Several species of insects disseminate bacteria from potato
cull piles or infected plants to sced pieces or stems of healthy
growing plants. Erwinia acrosols generated by rain or overhead
sprinkler irrigation or those generated by mechanical vine
destruction may also aid in spreading disease. Mechanical seed
piece cutters are responsible for widespread contamination of
seed pieces by Erwinia spp.

Soft Ror. Soft rot in tubers is favored by immaturity,
wounding, solar irradiation, invasion by other pathogens, warm
temperatures, high moisture, and lack of oxygen. Tubers har-
vested at soil temperatures above 20-25°C are highly suscep-
tible. Decay is favored by temperatures above 10° Cand retarded
by lower temperatures. The optimum temperature for decay by
Erwinia is above 25-30° C, which is also the optimum range for
growth of the pathogens in vitro,

Soft rot caused by species of Pseudomonas, Bacillus, and
Clostridium is favored by temperatures of 30°C or higher,

Anacerobic conditions resulting from poor acration, flooding
of soil, or the presence of a water film on tubers after washing
favor disease development. High nitrogen fertilization also
increases susceptibility.

Control

Blackleg.

I) Plant seed tubers and, especially, cut seed tubers in well-
drained soil.

2) Avoid excessive irrigation to prevent anacrobic soil condi-
tions that favor seed piece decay and subscquent stem invasion,

3) Treat seed tubers with approved fungicides or suberize
them well before planting to reduce infection by Fusarium spp.
and other pathogens that predispose to bacterial invasion,

4) The use of seed tubers derived from stem cuttings may
greatly reduce losses caused by blackleg and soft rot. Such seed



should be planted on land with at least two 1o three years
between potato crops, fonger if volunteer potatoes are a problem.
Erwinia-free stocks may be rapidly recontaminated, especially
by E. carotovora var. carotovora under some conditions,

5) Remove potato cull piles, discarded vegetables, and plant
refuse to avoid inoculum sources from which insects transmit
Erwinia spp.

6) Frequently clean and disinfect seed cutting and hanaling
equipment as well as planters, harvesters, and conveyers to
eliminate contamination. This should be done at least between
different seed lots.

7) Avoid washing seed potatoes unless absolutely necessary,
and exercise care during handling operations to reduce damage
to sced tubers.

&) Fertilize adequately with nitrogen.

9} To reduce spread of bacteria to healthy plants, remove
infected plants as soon as they appear.

Soft Rot

1) Avoid excessive soil moisture before harvest to reduce
lenticel infection.

2) Harvest tubers only when mature and only when soil tem-
peratures are less than 20°C. Minimize mechanical damage to
tubers during harvesting and handling.

3) Proteet harvested tubers from solar irradiation and
desiceation.

4) Cool tubers to 10°C or lower as soon as possible after
harvest and store at temperatures as low as possible (preferably
1.6-4.5° C). Good ventilation to keep tubers cool and to prevent
accumulation of CO:and moisture films is especially important.

5) Avoid water films on tuber surfaces, eg, condensation that
results from placing tubers with low pulp temperatures into
storage with relative humidity above 90%;.

6) Do not wash tubers before storage, and when washing
them before miarketing, dry them as soon as possible and
package them in well-aerated contatners.

7) Use only clean water to wash potatoes. Contaminated
holding tanks used for soaking potatoes almost assure soft rot
infection. Treat wash water with chlorine to reduce the amount
of soft rot inoculum,
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Brown Rot

Brown rot, also known as bacterial wilt or southern bacterial
wilt, affects potatoes in almost every region in the warm-
temperate, semitropical, and tropical zones of the world and has
been reported from relatively cool climates. It limits growing of
potatoes and other susceptible crops in parts of Asia, Africa,
and Southrand Central America. In the United States the disease
occursin the Southeast from Maryland to Florida. It has rarely
occurred in the Southwest or Midwest and has not been con-
firmed west of the Rocky Mountains.

Symptoms

Ficld symptoms are wilting, stunting, and yellowing of the
foliage. These may appear at any stage in the potato's growth.
Wilting of leaves and collapse of stems may be severe in young,
succulent plants of highly susceptible varieties. Initially, only
one branch ina hill may show wilting. If disease development is
rapid, all leaves of plantsin a hillmay wilt quickly without much
change in color. Wilted leaves may fade to a pale green and
finally turn brown without rolling of the leaflet edges as they dry
(Plate 14). In young potato stems, dark narrow streaks,
corresponding to infected vascular strands, become visible
through the epidermis.

Brown rot and ring rot have similar but distinguishable
symptoms (Table 1). A valuable diagnostic sign of brown rot is
glistening beads of a gray to brown slimy ooze on the infected
xylem in stem cross sections, 1f the cut surfaces of a sectioned
infected stemare placed in contactand then drawn apart slowly,
fine strands of bacterial slime become visible and stretch a short
distance before breaking.

To demonstrate bacteria in vascular tissue, a longitudinal
section from a diseased stem can be placed sc that surface
tension holds it to the side of a beaker of water and a short
segment of the tissue projects below the water surface. Fine
milky white strands, composed of masses of bacteria in extra-
cellular slime, stream down from the cut ends of xylem vessels

Table 1. Differences Between Brown Rot
and Ring Rot

Brown Rot

Characteristic Ring Rot

Causal organism  Pseudomaonas Corynebacterium

solanacearum sepedonicum
Gram stain Negative Positive
Bacterial exudate

Conditions Abundant droplets From vascular tissue,
from vascular tissue, usually with
usually without squeezing
squeezing
Color Grayish white Milky white
Symptoms
Vines Wilting by rapid Wilting usually with
collapse; green wilt chlorosis or yellowing;
relatively free from later, necrosis between
chlorosis veins of leaves
Vascular
tissue Distinct browning Discoloration in
usually evident in stems, often
stems indistinct
Tubers Surfaces usually not Cracks, when present,
cracked distributed randomly
Eyes Exudate causes soil Free from adhering

to adhsre soil
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(Fig. 34B). Bacierial streaming can also be seen microscopically
in thinsections of infected tissue mounted in water under a cover
slip. This bacterial exudate, combined with wilting and related
symptoms, distinguishes this wilt from fungous wilts.

Underground stems, stolons, and roots of plants with initial
foliage symptoms show few advanced symptoms of infection.
Grayish brown discoloration, usually evident through the tuber
periderm, indicates well-established infection. Tubers from
infected plants may or may not show symptoms: cross sections
usually show distinet, grayish brown vascular discoloration that
muy extend into the pith or cortex from the xvlem tissue.
However, certain strains from Portugal and Kenya produce no
browning of the vascular ring.

When tubers are cut in half and light pressure is applied,
grayish white droplets of bacterial slime ooze out of the vascular
ring (Fig. 34A). The eves, often at the bud orapicalend, become
grayish brown, and a sticky exudate may form on them or at the
stolon connection (Plate 15). The bacterial voze mixes with the
soil, causing soil particles to adhere to the tuber surface. An
infected tuber left in the ground continues to decay; secondary
arganisms convert it to a slimy mass surrounded by a thin laver
of cortex and periderm,

Causal Organism

Pseudomonas solanacearum E. F. Smith is a nonspore-
forming. noncapsulate, Gram-ncgative, nitrate-reducing,
ammonia-forming aerobic, rod-shaped bacterium. In liquid
media, the wild-type bacterium is usually nonmotile and does

Fig. 34. Brown rot: A, bacterial exudate from vascular ring of
tuber; B, streaming of bacteria from infected stem in water; C,
cells of Pseudomonas solanacearum (electron micrograph) of
avirulent type with wavy flagellum; D, virulent form (flagelium is
atypical). (A, Courtesy L. W. Nielsen: B, courtesy C. Martin; C and
D. courtesy A. Kelman)
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not form a polar flagellum. Avirulent variants that develop in
culture are actively motile (Fig. 34C and D).

Starch is not hydrolyzed by this bacterium, and gelatin is
liquefied slowly or not at all. P. solanacearum is sensitive to
desiccation and is inhibited by relatively low concentrations of
salt in broth cultures. Optimal growth of most strains occurs at
30-32°C, although some strains from Colombia grow relatively
well at lower temperatures.

Strains differing in biochemical characteristics and host range
have been described. A strain pathogenic to potatoces is weakly
virulent on tobucco but avirulent on banana; the banana strain
is avirulent on potato; in contrast, tobacco and tomato strains
are usually virulent on potato. Some strains ol 2. solanacearum
from Portuga! and b .aya do not form the typical tvrosinase
reaction in culture media.

Cultares of 2. yolanacearum maintained in unaerated liguid
media rapidly lose virulenee and viability and shift from the
Muidal (nonmotile) wild-type to avirulent, highly motile
variants. Colonies of virulent wild-types are irregularly round
and are white with pink eenters; colonies of avirulent variants
are uniformly round, butyrous, and deep red. Colony charac-
teristics are best observed when cell suspensions are streaked on
plates of peptone casamino acid - glucose agar containing 2,3,5-
triphenyltetrazolium chloride and examined in obliquely
transmitted light after incubation at 32°C for 36-43 hr.

Epidemiology

In tropical and semitropical regions (southeastern Asia,
Central and South America, and parts of Africa and Australia)
the pathogen can be borne by tubers: quarantines exist against
importation of seed powatoes in some areas. Infected seed
potatoes are an important factor in the distribution and
increasing severity of the discase in tropical countries such as
Peru, where latent infections can occur in seed grown at high
clevations,

Temperature plays an important role in the geographic
distribution of the erganism, which is rare where mean soil
temperatures are below 15°C. In North America, seed potatoces
are grownin the temperate regions where P. solanacearum does
not oceur, and tuber transmission is not a problem. High tem-
peratures favor growth of the pathogen in vitro and
development of the disease in the field. Recently, however, 7.
solanacearum was reported in Sweden and at high altitudes in
Costa Rica, Colombia, Peru, and Sri Lanka. Thus. the
bacterium can possibly survive and infect potato crops at
relatively low temperatures.

The disease occurs in soil types ranging from sandy to heavy
clay and over a wide range of soil pH. Discase usually develops
inlocalized areas often associated with poordrainage. On newly
cleared forest land, bacterial wilt may be severe if susceptible
crop is planted.

Other Hosts

Important economic hosts of P. solanacearum include
tobacco, tomato, pepper, eggplant, peanut, banana, and a
number of ornamentals and weeds. Although species in over 33
different plant familics may be attacked, most susceptible hosts
are in the Solanaceac.

Resistance

At least three dominant and independent genes control
resistance in potato to certain strains of bacterial wilt.
Resistance is relatively sensitive to changes in cnvironment:
increased temperatures and decreased light intensity enhance
susceptibility to wilt.

Immunity orhigh levels of resistance have not been identified
in clones of 8. ruherosum. Colombian clones of S, phureja Juz.,
& Buk. with resistance to bacterial wilt have been crossed with
haploid lines of S. tuberosum. Strains of P. solanacearum
differing in virulence have complicated breeding for wilt resist-
ance, buttwo resistant varieties, Caxamarca and Molinera, have
been released in Peru.



Control

1) Use discase~free tubers and disinfect the cutting knife.

2) Soil treatment chemicals such as sulfur are not widely
accepted beeause of the low level of control and the high cost.

3) P. solanacearum survives for extended periods in some
soils. In others it may not survive 1-6 months of fallow.

4) Some crop rotation sequences reduce disease severity; they
may act indirectly by reducing populations of root-knot
nematodes that enhance bacterial wilt discase infection in
potato.
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Ring Rot

Ring rot, or bacterial ring rot, was first recorded in Germany
in 1906 and has since been found in many other areas. Despite
the lack of documentation in a few countries, ring rot has
probably occurred wherever potatoes are grown. Through seed
certification  programs, many countries have successfully
eradicated the disease.

Symptoms

Plant symptoms begin with wilting of leaves and stems after
midseason. Lower leaves, slightly rolled at the margins and pale
green, are usually the first to wilt (Plate 16). As wilting pro-
gresses, pale yellowish areas develop between veins, Often only
one or two stems of an infected hill develop svmptoms. Two
important diagnostic features are the wilting of stems and leaves
and a milky white exudate that can be squeezed from the
vascular ring of tubers (Fig. 35) and of stems when cross-
sectioned at their base. A dwarf-rosette type of symptom has

been described in the Russet Burbank cultivar in the western
United States (Fig. 36).

This discase derives its name from the characteristic internal
breakdown in the vascular ring of an infected tuber cross-
sectioned at the stem end. Squeezing the tubers, particularly
those frora storage, expels creamy, cheeselike ribbons of
odorless bacterial ooze, which leaves a distinet separation of
tissues adjacent to the ring. Secondary invaders (usually soft rot
bacteria) cause further tissue breakdown in advanced disease
stages, obscuring ring rot symptoms. Pressure developed by this
breakdown can cause external swelling, ragged cracks, and
reddish brown discoloration, especially near the eves (Plate 17).
Although typical tuber symptoms are invariably apparent in
badly infected lots at harvest, some infected tubers may remain
symptomless for many weeks in cold storage. Occasionally,
typical internal symptoms may not be apparent at the stem end
of the tuber but may be found near the apical or rose end.

Causal Organism
Corynebacterium sepedonicum (Spieck. & Kott.) Skapt., &
Burkh. is a Gram-positive,' nonmotile bacterium. Cells are

"Gram stain (Reeds rapid) for bacterial smears: Stains are Gram-
positive bacterial cells blue and Gram-negative cells pink. Mix in equal
parts: 1) crystal or gentian violet 0.25¢% aqueous with 2) NaHCO,
1.25¢ aqueous. Flood for 10 sec and drain. Mix 2067 jodine in 1./
NaOH and dilute 1:10 in water. Flood for [0 sec and wash. Mix | part
acetone and 3 parts 95¢ ethyl alcohol. Rinse until no more color
washes from smear. Flood with water. Dilute basic fuchsin saturated in
cthylalcohol [:10 in water. Stain not aver 2 sce, rinse thoroughly, and
dry. (From Glick, D. P, P. A, Ark, and H. N. Racciot. 1944, Am.
Potato J. 21:311-314.)

A

Fig. 35. Bacterial ring rot: A, surface cracking from Corynebac-
terium sepedonicum infection; B, cheesy breakdown of tuber
vascular tissue.

4 / \ . P ™ *
Fig. 36. Dwarf rosette symptom of ring rot. (Courtesy J. R. Letal)
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0.4-0.6 X 0.8-1.2 um and predominantly wedge-shaped,
although curved and straight rods are also present. Single cells
are most abundant, but V and Y configurations are often
observed. Growth on all media is slow. and colonies rarely
exceed | mm in diameter after five days on nutrient glucose
agar.

Disease Cycle

The organism overwinters primarily in infected tubers, either
those in storage or those that survive the winter in the field, It
apparently cannot survive in unsterilized field soil, although it
remains viable for nine months or more in dried shime on bags,
crates, ete., instorage and in unprotected sites. Infection occurs
through tuber wounds, especially from contaminated
machinery and containers. Contaminated seed-cutting knives
and picker planters are excellent disseminators, Invasion also
oceurs through wounds in stems, roots, stolons, or other plant
parts, and transmission has been experimentally obtained
through tomato seed. Root inoculation is highly efficient and
hastens symptom development. Bacteria become established
inlarge vessels and later invade xylem parenchyma and adjacent
tissue and cause separation at the vascular ring. Certain sucking
insects transmit the disease from diseased to healthy plants,

Epidemiology

Conditions for dissemination of the pathogen are most favor-
ablein the spring when infected seed tubers are warmed before
planting, thus increasing bacterial activity. Surfaces of freshly
cut seed provide ideal infection courts. Disease develops most
rapidly at 18-22°C soil temperatures, but higher temperatures
decrease infection from seed picce inoculation. In general,
warm, dry weather hastens symptom development. but tem-
peratures above optimum delay symptom expression.

Discase-resistant cultivars have been developed. but
immunity is as yet unknown. No resistant cultivar has achieved
cconomic prominence, and such cultivars may still serve as
carriers,

Other Hosts

Only 8. tuberosum is affected naturally, although 28
Solanum spp. and two Lycopersicon spp. have been demon-
strated experimentally to be symptom-producing hosts.
Inoculation assays with young eggplants or tomato plants
demonstrate the presence of ring rot bacteria in suspected
potato plants,

Control

Use of discase-free seed accompanied by strict sanitation
procedures is the only method of control.

1) Dispose of all potatoes from the farm when the disease is
found.

2) Thoroughly disinfect warchouses, crates, and handling,
planting, harvesting, «nd grading machinery.

3) Use new bags for clean seed because disinfection of bags is
not effective.

4) Plant sced that is free of ring rot. Seed certification
programs regularly reject stocks in which any ring rot is found.

5) Do not plant diseasc-free sced in a field with volunteer
plants from a previously infected crop.
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Pink Eye

The disease is of minor importance, and little is known about
factors influencing tuber infection and disease development. It
is not a problem with certain cultivars, but in susceptible
cultivarsincidence may be high. Pink eye is frequent in tubers of
plants infected with Verticillium wilt,

Symptoms

Pink arcas around the eye later turn brown. Discolored areas
arc particularly abundant at the apex of the wber and are
usually superficial but may extend into the tuber 8 mm or more.
Internal discoloration may result in cavities.

Symptoms are most conspicuous at harvest, particularly
following high soil moisture levels during tuber formation
(Plate 18). In dry storage, tissue superficially affected with pink
eye soon dries vut, beroming scalelike and inconspicuous. In
storage at high relative humidity, especially at high tempera-
tures, rot may follow pink eye (Plate 19). Infection follows
bruising and is invelved in seed tuber decay.

Although the disease is associated with Verticillium wilt, both
diseases occur independently. Infection has also been linked to
Rhizoctonia and to the wet rot phase of late blight infection. The
color of affected tissue is very similar to that from late blight.

The red xylem symptom follows infection of the stolon end,
c.using a scar at the stolon attachment or reddish brown
vascular discoloration.

Causal Organism

The pathogen was identified in carly investigations as
Pseudomonas fluorescens Migula Gram-negative rods, 0.3-0. 3 X
.0-L3 uminssize, occurring both singly and in pairs. Ce'is are
usually motile and possess a polar Mlagelum but are occas.onally
nonmotile. Pectolytic enzymes are apparently active in patho-
genesis. This identification of the causal bacterium is presently
in considerable doubt. Much more information is needed on
types of bacteria present in tuber lesions, pathogenicity of
isolates to potato tubers, and identification of the pathogen or
pathogens involved.

Control
Store tubers under cool dry conditions to dry out affected
tissue and to prevent disease progression in storage.
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Bacteria in Potatoes
That Appear Healthy

Bacterial populations of various types are frequently present
in stems and tubers of apparently healthy plants. Bacillus
megalterium de Bary is common, as are sone apparently non-
pathogenic Gram-positive bacteria and strains of Micrococeus,
Pseudomonas,  Nanthomonas,  Agrobacterium, and  Flavo-
bacterium. Populations are high in vascular tissue, possibly
resulting from root invasion, and are presentin higher numbers
in plants from cut seed than in those from whole seed. The role
of these apparently nonpathogenic organisms is unknown,
Frequeney of reports and differences in types of organisms
observed suggest that considerable variation exists.
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Fig. 37. Streptomyces scabies: A,vegetative filaments within tuber tissu
filaments within cells near surface (bar represents 10 um), C, spores photographed by scanning electron microscope (X10,000). (C,
Courtesy G. A. Mcintyre)

Common Scab

This discase, present to some extent in most areas where
potatoes are grown, is a major production problem that affects
grade quality ana has only a small effect on total yield or storing
ability.

Symptoms

Tuber lesions are usually circular, 5-8 (seldom cxceeding 10)
mm in diameter, but they may be irregular in shape and larger
when infections coalesce. Affected tissues vary from light tan to
brown. They may consist of a superficial corklike layer (russet
scab), an erumpent or cushionlike scab (raised scab) 1-2 mm
high, or an extension into the tuber (pitted scab) of various
depths to 7 mm (Plate 20). Pitted Iesions are dark brown or
almost black (Plate 21). Tissue under the lesion is straw color
and somewhat translucent; under russet scab such tissue may
not be evident,

Brown to tan stem and stolon lesions originate at lenticels as
elongate lens-shaped lesions or at other natural wounds
{(emergence points of roots or split portions of stems) as
approximately circular lesions.

Naturally occurring aboveground symptoms have not been
reported, but leaves of potato and other plants have been
infected experimentally.

Causal Organism

Streptomyces scabies (Thaxter) Waksman & Henrici (syn.
Actinomyces scabies (Thaxter) Glissow) has barrel-shaped
conidia 0.8-1.7 X 0.5-0.8 um. Conidiophores arc branched,
having septa, of the “attenuated isthmus” type with long,
spirally coiled, terminal branches (Fig. 37). Other Strepromyces
spp. of lower virulence have becn described as pathogenic, but
more work is nceded to properly evaluate differences in
pathogenicity among species. An acid-tolerant pathogenic
species distinct from S. scabies and as yet urnamed can survive
in soils with pH below 5.2,

Streptomycetes are classified with bacteria because they are

A L)

e infected with common scab; B, coils of spores and vegetative
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akaryotic and have cell wall biochemical characteristics more
closely resembling those of bacteria than of fungi. They do
resemble fungi in their filamentous morphology but differ
notably in the small (approximately !-um) diameter of their
vegetative filaments.

8. scabies is acrobic. It produces colorless vegetative
filaments and pale, mouse-gray acrial mycelia on a number of
media, often with melanin pigmentation of the medium
surrounding the colony. Sporulation is good on potato agar
media with low sucrose (0.5¢7) levels and is sparse to lacking on
media rich in peptone. 8. scabies can usually be successtully
isolated from the straw-colored translucent tissue immediately
below the lesion by dilution plating with soil-water agar or low
(0.1-0.5¢) sucrose potato agar. Light reflectance from
Strepromyces colonies is distinet from that of typical bacterial
colonies because of the radiating Strepromyces filaments.
Growth in culture ranges from 5 to 40.5°C; optimum
temperature is 25-30°C,

Other Hosts

The organism causes scab on the fleshy roots of other plants
such as beets (red and sugar), radish, rutabaga, turnip, carrot,
and parsnip. In these, it is seldom of economic importance.
Fibrous roots of potato and other plants are also susceptible.

Histopathology

Actively growing tubers are infected through young lenticels
and probably also through stomata of the epidermis before the
periderm differentiates. Portions of tubers protected by well-
developed periderm are not susceptible. Wounds also serve as
infection sites. Insect larval feeding aids initial penetration and
progression through wound periderm layers. Filaments are
small and difficult to deteet in tissue. They are believed to be
initially intercellular and to become intracellular as tissue in-
volvement progresses.

Scab lesions may be deep or shallow. The type of lesion is
frequently determined genetically by potato resistance or sus-
ceptibility,  Resistance is apparently associated with the
effectiveness of the periderm, which underlies iesions and walls
them off from the tuber. In suseeptible cultivars with deep scab
lesions, successive periderm layers form as penetration pro-
gresses. In resistant cultivars, lesions are shallow and a single
periderm layer seems to prevent further infection, Different
lesion types may oceur on the same tuber, which may reflect
differences in pathogenicity between infection propagules or in
maturity of the tuber surface at the time of infection.

Epidemiology

S. scabies has beenintroduced into virtually all potato soils by
infected potato seed. Evidence exists, however, that pathogenic
streptomycetes were present in native <oils before potatoes were
introduced. The organism is essentially a low-grade saprophytic
pathogen that survives for long periods on decaying plant parts
inthe soil or possibly on roots of living plants, in old feed lots, or
in ficlds heavily manured with animal wastes.

Physiological specialization of parasite subeulture isolates to
different potato genotypes have been demonstrated in green-
house trials. In the ficld, however, selective pathogenicity by
biotypes is usually of minor importance because the resistance
or susceptibility of potato cultivars remains relatively constant
over a wide range of natural soil populations,

Continuous crops of potatoes generally increase severity of
scab. In contrast, as time between successive crops is increased,
scab severity decreases to a relatively constant level.

Maintaining adequate soil moisture during tuber set and
enlargement is critical in controlling the extent of scab. Field
irrigation after tuber set and during enlargement reduces scab
appreciably. Optimum levels of soil moisture are those at field
capacity, which favor optimum potato growth. Permitting
tubers to develap in infesied dry soil increases incidence of scab
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in susceptible genotvpes.

Sulfuy has been applied to reduce soil pH. However,
reduction of scab cannot regularly be explained as an effect of
soil pH alone. Manganase applications have reduced scab, and
the reduction of the caleium-phosphorus ratio of the soil has
reduced scab severity.

Chemical treatment of soil depends on the proper
incorporation of chemicals into the soil and should be
coordinated with other prevention methods. Ideally, chemical
treatments should be effective in subsequent years and increased
crop value should justify costs, Pentachloronitrobenzene has
been widely tested. When it is properly mixed into the soil,
results are generally beneficial the first vear; residual effects are
less or nonexistent in following years, Repeated application
may be necessary and treatment costs may be high. Band
application is more economical than broadcast, and small yield
increases are possible. Urea formaldehyde liquid as a furrow
application has been successful in certain trials.

Control

Prevention depends on a combination of practices.

1) Avoid planting scabby seed tubers,

2) Increase time between successive potato crops. This
reduces scab incidence to a relatively constant level but seldom
completely eliminates soil populations.

1) Varietal resistance or susceptibility determines incidence
and lesion type. Cultivars with low levels of resistance never-
theless often produce a marketable crop in the presence of scab.

4) Maintain high soil moisture Ievels durirg and after tuber
set for 4-9 weeks as determined by cultivar, growing practices,
and climate.

5) Avoid overliming of soil, which increases soil pH and
lowers soil Ca-P ratio.

6) Soil treatments include: sulfur and acid-forming fertilizers
to increase soil acidity, pentachloronitrobenezene, urea
formaldehyde, and other soil fumigants,

7) Seed treatments with organic mereury avoid introducing
inoculum to new areas but are not permitted in certain
countries. Effectiveness of other treatments in destroying
tuberborne inoculum has not been established.

8) Mancozeb (890) dust as a tuber seed treatment effectively
controls acid scab.
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Fungi

Powdery Scab

Although powdery scab develops best under cool, moist
conditions, it is found in practically every potato-producing
area in the world from latitudes 65° N to 53° S and at higher
altitudes in the tropics.

Symptoms

Tuber infection in lenticels, wounds. and (less frequently) in
the eyes is evident as purplish-brown pustules, 0.5-2 mm in
diameter, extending laterally under the periderm and forming a
raised or pimplelike lesion. Enlargement and division of host
cells foree the periderm to rupture, resulting in white, wartlike
outgrowths (Plate 22).

Wound periderm forms beneath the lesion, which gradually
darkens and decays, leaving a shallow depression filled with a
powdery mass of dark brown spore balls (cystosort) (Fig. 38,
Plate 22). The lesion is usually surrounded hy the raised, torn
edges of the burst periderm. If, in very wet soil, wound periderm
does not develop, the lesion expands in depth and width,
forming hollowed-out areas or very large warts. This is the
cankerous form of powdery scab.

In storage, powdery scab may lead to a dry rot or to more
warts or cankers. If infected tissue has not burst through the
periderm, infection and necrosis may spread laterally,
producing one or two necrotic rings surrounding the original
infection. Under humid conditions, after the periderm has
ruptured, warts may become somewhat larger and secondary
warts may develop beside the primary warts with little or no
necrosis beneath the skin.

Powdery scab lesions may serve as infection courts for late
blight and a number of wound pathogens.

Infeetion on roots and stolons parallels that on tubers, with
small necrotie spots developing into milky white galls varying in
diameter from [ to 10 mm or more. Galls on roots may become
so severe that young plants wilt and die. As galls mature, they
turn dark brown (Plate 23) and gradually break down,

Fig. 38. Powdery scab: A, lesions breaking tuber periderm; B,
spore balls of Spongospora subterranea within lesion, (A,
Courtesy R. Salzmann and E. R. Keller: B, courtesy C. H.
Lawrence)

liberating powdery masses of cystosori into the soil. Galls
superficially resemble those of wart, cxcept that S,
endobioticum does not attack roots.

Causal Organism

Spongospora subterranea (Wallr.) Lagerh. f. sp. subterranea
Tomlinson is @ member of the Plasmodiophorales. Cystosori
are ovoid. irregular, or elongate, 19-85 um in diam=ter, and
consist of an aggregate of closely associated resting spores
(cysts). Each spore is polyhedral, 3.5-4.5 um in diameter, with
smooth, thin, yellow-brown walls, Primary and secondary
zoospores are uninucleate, ovoid to spherical, 2.5-4.6 um in
diameter, with two flagella of unequal length (e.g., 13.7and 4.35
um).

Disease Cycle

The fungus survives in soilin the form of cystosori made up of
resting spores. Stimulated by the presence of roots from suscep-
tible plants, resting spores germinate to produce primary
zoospores. These penetrate epidermal cells of roots and stolons
or root hairs, ultimately producing multinucleate fungus masses
(sporangial plasmodia), which yicld secondary zoospores that
further spread infection to roots and tubers. Invasion by
secondary zoospores stimulates the host cells to become larger
and more numerous, and galls are produced. Within these galls,
balls of resting spores are ultimately formed (Fig. 39).

Epidemiology

Inoculum is spread by soil and by tuberborne resting spores,
Tuber and root infection is favored by cool, moist soil
conditions in the earlier stages of infection and later by gradual
drying of the soil. Cysts may persist in the soil for up tosix years.

The time from tuber and root infection to gall formation is
less than three weeks at a tlemperature of 16-20°C, Powdery
scab occurs in field soils ranging from pH 4.7 to 7.6.

Fertilization experiments with N, P, K, ammonium sulfate,
calcium nitrate, and minor elements have shown generally that
nutrition of the soil has little or no effect on incidence of
powdery scab. However, sulphur added to the soil can decrease
the intensity of scabbing. Recent studies indicate that zinc oxide
incorporated intp soil reduces the amount of scab.

The effect of liming is not clear. In some arcas, liming of the
soil has resulted in an increase of powdery scab, whereas in
others, liming has decreased or had no effect on incidence of the
disease,

Spores survive passage through the digestive tracts of
animals.

S. subterranea is a vector for potato mop-top virus,
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Therefore, control can concomitantly diminish incidence of
mop-top.

Other Hosts

The fungus infeets and completes its life cycle on other tuber-
bearing Solanum spp. and on roots of nontuber-bearing S.
nigrum L. and Nicotiana rustica 1.. Other hosts that are infected
without formation of resting spores include dicotyledons,
monoceotyledons, and a gymnosperm.

Control

1) No completely adequate measures have been developed.
Resistant cultivars are recommended, but no immune varieties
are known.

2) Crop rotations of three to 10 years have been
recommended, depending on climate and soil conditions.

J) Plant disease-free seed.

4) Crop in porous and well-drained soils, and avoid planting
on land known to be contaminated,

5) Do not use manure from animals fed infected tubers.

6) Fertilizers and other chemical soil treatments are generally
not effective. Sulphur has given beneficial results but its use is
limited because soil may be made too acid for optimum potato
growth,

7) Soaking infected seed tubers in solutions of formaldehyde
or mercuric chloride reduces seedborne inoculum.
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Wart

Wart has been recorded in Africa, Asia, Europe, and North
and South America. In certain arcas, discase spread has been
contained through strict quarantine.

Symptoms

Warty outgrowths or tumorous galls, pea-sized to the size of a
man’s fist, develop at the base of the stem. Aboveground galls
are green to brown, becoming black at maturity and later
decaying. Occasionally galls form on the upper stem, leaf, or
flower. Belowground galls appear at stem bases, stolon tips,and
tuber eyes (Plate 24). Tubers may be disfigured or completely
replaced by galls (Plate 25). Subterrancan galls are white to
brown, becoming black through decay. Roots are not known to
be attacked.

Causal Organism

Svachytrium endobioticum (Schilb.) Pere. does not produce
hyphae but enters the host epidermis as a zoospore, swells to a
prosorus, and develops into a sorus. Haploid sori form inside
the cells, each sorus containing 1-9 sporangia. Resting or winter
sporangia are golden brown, spheroidal, measuring 35-80 umin
diameter. The thick sporangium wall is prominently ridged,
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generally with three ridges confluent at two sides of the
sporangium. Zoospores measure 1.5-2.2 um in diameter, are
pear-shaped, and are motile by a single posterior flagellum.

The fungus exists in a number of physiologic races, making
cvaluation of resistance difficult.
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Fig. 40. Disease cycle of black wart caused by Synchytrium
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Fig. 41. Synchytrium endobioticum winter sporangia (A, resting;
B, germinating) range in diameter from 35 to 80 um. (A, Courtesy
M. E. Hampson; B, courtesy F. Frey)



Histopathology

Sori of sporangia develop in epidermal cells of meristematic
tissues of growing points, buds, stolon tips. or young leaf
primordia. Invaded and surrounding cells enlarge. Rapid cell
division following infection from either zygotes or haploid 7o0-
spores causes an increase in meristematic tissue, providing
additional infection courts. The gall is a malformed branch
system largely composed of thin-walled parenchyma. In near-
immune cultivars, the warts remain superficial and scablike,
whereas, in resistant cultivars, the zoospore dies soon after
invasion by necrotic abortion (hypersensitive reaction) of the
infected tissue.

Disease Cycle

From the initial infection, summer sporangia form as mem-
branous sacs, producing motile zoospores (Fig. 40). Zoospores
encyst and penetrate epidermal cells of susceptible tissue
approximately 2 hr after formation. After a developmental
period, zoospores are released outside the plant. These may
reinfect surrounding meristematic tissue in a secondary cycle, or
they may conjugate forming a zyvgote that reinfects several cells
deep, giving rise to the resting or winter sporangium (Fig. 41).
Resting sporangia are released from galls th rough decay of host
tissue. The fungus can survive in soil as resting sporangia for as
long as 38 years, even through adverse conditions. Spread of
inoculum is through soil-infested tubers, implements,
containers, ete. Resting sporangia germinate crratically,
producing zoospores.

Epidemiology

The fungus is most active where susceptible tissuc is present in
growing sprouts, stolons, buds, and cyes. Water is required for
germination of winter and summer sporangia and for zoospore
distribution. Cool summers with average temperature of 18°C
orless, winters of approximately 160days of 5° C or less, and an
annual precipitation of 70 em are necessary for discase
development, and disease is limited to such environments. Soil
reactionis of less importance, with disease occurring insoil with
pH from 3.9 to 9.5. Temperatures of 12-24° C favor infection.

S.endobioticum is reported to serve as vector for potato virus
X.

Other Hosts

Potato is the principal host, although S. endobioticum has
been experimentally transferred to a number of the Solanaceae,
Roots and leaves are attacked, with resting sporangia
developing sparsely. Tomato cultivars are particularly suscep-
tivle Plants other than potato are not believed 1o be of impor-
tance in the disease cyele. Some South American wild potato
species show resistance to a variable extent,

Control

1) Worldwide control of spread is being attempted through
quarantine legislation.

2) Resistant cultivars have been developed in Europe and
North America.

3) No chemical control is known that is not also injurious to
soil and crops.

4) The herbicide dinoseb (2-sec-butyl-4,6-dinitrophenol)
reduces infection to some extent,
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Skin Spot

The discase is common in northern Europe and also occurs in
North America and Australasia.

Symptoms

Following infection, roots, stolons, and stems belowground
develop discrete, light brown lesions that enlarge, darken, and
crack transversely. Cortical tissues may become detached. I'n
storage, purplish-black, slightly raised spots up to 2 mm in
diameter form on tubers singly or in groups, cither at random
over the surface or aggregated around eyes, stolon scars, or
damaged skin (Fig. 42A). Sometimes larger necrotic areas form
over the tuber surface. Brown lesions may occur on sprouts of
tubers stored in humid conditions (Fig. 42B). Irregular stands
and delayed plant emergence frequently follow severe infection
or seed tubers.

Causal Organism

Polyscytalum pustulans (Owen & Wakef.) M. B. Ellis (syn.
Oospora pustulans Owen & Wakef.) has erect, branched
conidiophores up to 140 um long, the lower part pale brown and
sometimes swollen at the base (Fig. 42C). Conidia are dry,
cylindrical, mostly unicellular but occasionally 1-septate,
measuring 6= 18 X 2-3 um. They develop in chains that fragment
readily. In culture, colonies are gray and powdery. Sclerotia up
to | mm in diameter may form in aging cultures,

Histopathology

Conidia germinate and infect tubers through lenticels, eyes,
and skin abrasions. The fungus penetrates tuber tissue 1o a
depth of about 12 cells and within two weeks is checked by
formation of a cork cambium; after two months, infected
tissues degenerate and spots become visible. If formation of a
cambium isdelayed or prevented, e.g., by treatment with certain
sprout inhibitors, the fungus can penetrate deeper into tuber
tissue, subsequently causing larger spots to develop. Toward the
end of the growing season, sclerotia form within cells of
decaying cortical tissues of stems and tubers.

Disease Cycle

First infections originate from inoculum on sced tubers.
Brown lesions develop initially on stems near the attachment to
the seed tuber and later at nodes. Stolons are often first infected
at the apex, and the fungus infects buds and bud scales of tuber
eyes as they form. Further irnfection of underground parts
before harvest and of tubers during harvest and in storage
originates from conidia produced abundantly on infected
tissues. Infected tubers usually appear symptomless when har-
vested; skin spots and necrotic buds in eyes develop about two
months later and increase in storage.

Epidemiology

The disease.is prevaleiic ift cool wet seasons and is more severe
incrops grown on heavy clay loam than in those grown on sandy
or organic soils. Skin spot is common in crops lifted moist and
stored cool (4°C), and conidia produced on the spots spread
infection in storage. Cultivars with thick tuber skin develop few
skin spots. Cultivars susceptible to skin infection are usually
also susceptible at tuber eyes, Most inoculum originates from
infected seed tubers, but sclerotia of P. pustudans in decaying
stems can remain viable in soil for at least cight years.

Other Hosts

Skin spot develops only on potatoes, but brown lesions can
develop on roots of other Solanaceae (Solanum spp.,
Lycopersicon esculentum, Nicotiana spp., and Datura spp.).
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Fig. 42. Skin spot: A, on potato tuber; B, on stem and roots; C, Polyscytalum pustulans (Oospora pustulans). Bar represents 25 um. (A,
Copyright National Institute of Agricultural Botany, Cambridge, England; B, courtesy Rothamsted Experimental Station, Harpenden,
Herts, England; C, reprinted, by special permission, from More Dematiaceous Hypomycetes, by M. B. Ellis. <1976 Commonwealth

Mycological Institute, Kew, Surrey, England)

Control

1} Skin spots and damage to tuber eyes can be prevented by
storing tubers dry (750 rh) and warm (15°C), although the
fungus remains viable in the infections.

2) Disinfection of sced tubers soon after harvest with fungi-
cides, including organomercurials and 2-aminobutane, is
effective in preventing disease during storage.

3) Benomyl and  thiabendozole applied at harvest also
decrcase thedisease. Beeause these materials persistin the tuber
skin and prevent sporulation of P. pustulans on seed tubers,
they greatly reduce subsequent infection of plants and progeny
tubers.

4) Tubers free from P pustulans can be produced by
propagating plants from stem cuttings, although, to maintain
the health of stocks, treatment with fungicide is needed to
prevent reinfection during their commercial multiplication.
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Leak

Leak, also called watery wound rot, may occur sporadically
wherever potatoes are grown,

Symptoms

Only tubers are affected. A discolored. water-soaked arca
appears around a bruise or cut on the skin. As disease develops,
the tuber appears to be swollen and the skin is moist. Internally
discased flesh is clearly demarcated from healthy tissue by a
dark boundary line. Rotted tissue is spongy, wet, and may have
cavitics. On cutting and exposure to air it changes color
progessively to gray, brown, and finally, almost black, occa-
sionally with a pink tinge. Affected tissue has the smoky gray
color of frosted tissue. After infection, a tuber may become so
completely rotted (Plate 26) within a few days that even a slight
pressure causes the skin to rupture and large quantities of liquid
to exude. In the storage pile, all that remains of infected tubers
are the tuber shells with thin papery skins (Fig. 43A). Cut seed
tubers may also be rotted.

Causal Organisms

Prthium ultimmum Trow., P. deharvanum Hesse, and possibly
other Pythium spp. cause the discase. Qospores, which are
smooth, thick-walled, and spherical, measure 14.2-19.5 um and
are terminal on branched coenocytic hyphae. Sporangia (Fig.
43B and C) are spherical, 12-29 um, when produced terminally
and barrel-shaped, 17-27 X 14-24 um, when intercalary. Spo-
rangia of P. wltinum do not produce zoospores. The mycelium
is often difficult to isolate from discased potato tissue.

Disease Cycle

The fungus lives in the soil and can enter tubers only through
wounds. Infcction, therefore, usually occurs at harvesting,
grading, or less frequently at planting. Cut seed tubers are
predisposed to infection after planting as soil temperatures
begin 1o rise. Serious crop loss does take place in bruised,
immature tubers harvested during hot, dry weather. The rot that
develops is greatly aggravated by relatively high temperatures



Fig. 43. Leak: A, typical tuber shell rot. Pythium sp. from rotted
tuber: B, resting sporangium; C, spore with germ tube (bar
represents 20 um).

and poorventilation but may be completely arrested under cool
conditions.

Other Hosts

Both species of Pyihium are pathogenic on an extremely wide
range of hosts, including many market-garden crops, causing
damping-oft, root rot, or soft rot disease,

Control

I} Losses can be minimized by delay in lifting the crop so that
tuber skins may mature.

2) Avoid mechanical injury to tubers by taking all possible
care in harvesting,

J) I rotting begins in storage, increase air movement, and
cool and dry the crop as quickly as possible.
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Pink Rot

Pink rot has been reported from nine states in the United
Statesand from 1 other countriesin Northand South America,
Europe the Middle and Far East, and Australia.

Symptoms
Wilting. which is sometimes the initial symptom, may oceur at

any time but generally occurs late in the season. Leaves become
chlorotic, wilt. dry up, and abscise, starting at the stem base,
Aerial tubers may form. Infection occurs in the roots, and all
root, stolon, and stem tissues are killed as lesions develop. Stem
lesions may extend up to the basal leaves, with water-soaking
and light brown vascular discoloration at the advancing margin.
Necrotic stems and roots are brown to black and may be
confused with blackleg.

Tubers generally become infected (Plate 27) through discased
stolons, but some infections appear to oceur at buds or lenticels.
Rot proceeds uniformly through the tuber, with the advancing
margin usually delimited by a dark line visible through the skin.
Periderm over rotted portions is brownish-cream in white
cultivars; tissues beneath lenticels are dark brown to black.
Rotted tissues remain intact but are spongy. When recently or
partially rotted tubers are cut, internal tissues are cream color,
odorless, and rubbery or spongy in texture; if the cut tuber i,
squeezed, a clear liquid appears. On exposure to air, the color of
infected tissues progressively changes to salmon pink (in 20-30
min) brown, and black (in about | hr). Internal tissues of tubers
rotted for some time are black.

Causal Organism

Pink rot is most commonly caused by Phytophthora
erythroseptica Pethybr. Sporangia are nonpapillate, highly
variable in shape, ellipsoid or obpyriform, and 43 X 26 um.
Oogonia, 30-35 um in diameter, have smooth walls ! um thick
and may turn faintly yellow with age. Antheridia are
amphigynous, cllipsoid orangular,and 14-16 X 13 um. Qospores
(Fig. 44) have walls 2.5 um thick and nearly fill the cogonia.

The fungus grows on several media but not on dilute malachite
green. Optimum and maximum growth temperatures are
24-28° C and 34°C, respectively. Asexual structures form in
mycelial mats when transferred successively to mineral solution
and water or when grown in water culture with boiled hemp
seeds. Sexual organs form abundantly in agar media.

P.eryptogea Pethyb., P. drechsleri Tucker, P. megasperma
Drechsler, and . parasitica Dastur also infect potatoes and
induce plant and or tuber symptoms similar to those caused by
P. ervthroseprica. Single strains of P. crvprogea form sexual
organs only sparingly after a few weeks in culture but promptly
when grown with complementary strains of 2. cinnamormi. The
dimensions of reproductive structures of P, cryptogea are
similar to those of P. drechsleri, but its optimal growih tem-
peratures (22-25°C) are lower than those (28-31°C) for P.
drechsleri. P. megasperma has paragynous antheridia. in con-
trast to amphigynous antheridia in the other species, and it has
larger oospores (an average of 41 pm vs. about 24-25 um).
Sporangia of £, parasitica are papillate, and those of the other
species are nonpapillate.

<

Fig. 44. Pink rot. Mature oospore of Phytophthora erythroseplica
(bar represents 10 um). (Courtesy R. C. Rowe and W. J. Hooker)
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Disease Cycle

P. eryihroseptica is soilborne and endemic in many soils.
Zoospores, sporangia, or 00spores may serve as inoculum, but
oospores are probably the significant propagule in pathogen
dissemination and survival in soil. Plants of all ages are suseep-
tible, but the disease is most frequently observed in mature
plants approaching harvest.

Epidemiology

Discase develops in soils approaching saturation from poor
drainage or excessive precipitation or irrigation. Large amounts
of decomposing plant residues in soil enhance water absorption,
retention, and disease incidence. In wet soil, the disease develops
overa wide range of temperatures but is most severe between 20
and 30°C.

Other Hosts

Although P. ervthroseptica has been reported as a pathogen
only on potatoes and tulips, it has been recovered from the roots
of 17 nonsolanaccous plants, including wheat and rye.

Control
1) Plant seed tubers in soils with good drainage.
2) Avoid excessive irrigation late in the growing season.
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Late Blight

Late blight is probably the single most important discase of
potatoes worldwide. It is destructive wherever potatoes are
grown without fungicides, except in hot, dry, irrigated arcas.
The Irish “potato famine™ of the 1840s was caused by Phy-
tophthora infestans, the fungus that causes late blight. Immense
quantities of fungicides are applied to potatoes throughout the
world for protection against . infestans.

Symptoms

Leaf lesions are highly variable, depending on temperature,
moisture, light intensity, and host cultivar. Initial symptoms are
typically small, pale 1o dark green, irregularly shaped spots.
Underfavorable environmental conditions they rapidly grow to
farge, brown to purplish black, necrotic lesions that ay kill
entire leaflets and spread via petioles to the stem. ev. Atually
killing the entire plant. A pale green to yellow halo is often
present outside the arca of leaf necrosis (Plate 28). Under moist
conditions, a white downy mildew of sporangia and
sporangiophores appears at the edge of lesions, mostly on the
underside of the leaves (Plate 29).

In the field, plants severely affected with late blight give off a
distinctive odor. This odor actually results from rapid break-
down of potato leaf tissue and also follows chemical vine killing,
frosts, etc,

Positive identification of late blight requires confirmation of
sporangia and sporangiophores cither on lesions in the field
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under moist conditions or on leaf or tuber lesions incubated ina
moist chamber.,

On susceptible cultivars, exteriors of infected tubers show
irregular, small to large, slightly depressed areas of brown to
purplish skin (Plate 30). A tan-brown, dry granular rot
characteristically extends into the tuber approximately 1.5 ¢m,
the depth varying according 1o length of time after infection,
cultivar, and temperature. The boundary between diseased and
healthy tissue is not clearly defined: delicate, brown, peglike
extensions penetrite to variable depths. Under cool, drystorage
conditions, tuber lesions develop slowly and may become
slightly sunken after several months. Secondary organisms
(bacteria and fungi) often follow infection by P. infestans,
resulting in partial or complete breakdown of tubers and
complicating diagnosts.

Causal Organism

Phytophthora infestans (Mont.) de Bary has sporangia (conj-
dia) that are hyaline, lemon-shaped, thin-walled, and 21-38 X
12-23 pm in size. Each has an apical papillum (Fig. 45C).
Sporangia of P. infestans are borne on the tip of a sporangio-
phore brunch (Fig. 45A); as it clongates, the sporangiophore
swells slightly and turns the attached sporangium to the side.
The sporangiopore is thus characterized by periodic swellings
(Fig. 45B) at points where sporangia were produced.

Sporangia may germinate by means of a germtube (Fig. 45E),
but most commonly they form about cight biciliate zoospores
(Fig. 45D) that swim freelyin waterand encyston solid surfaces.

Encysted roospores can germinate by germ tubes that enter
the host via leaf stomata, but usually an appressorium is formed
and penctration hyphac enter directly through the cuticle. Once
inside the plant, the nonseptate mycelium is intercellular and
intracellular by means of haustoria (Fig. 45G) that extend into
cells.

Sexual reproduction results in oospores ( Fig. 45F) formed by
the union of oogonia and antheridia. Oospores within oogonia
arc 24-46 um in diameter and germinate via a germ tube with a
terminal sporangium, which, in turn, cither liberates zoospores
or forms another germ tube,

Disease Cycle

Oospores in nature have been found only in Mexico, where
both mating types (Ay and A;) occur. Leaves touching the soil
are often infected first, suggesting that oospores probably playa
role in the survival of P. infestans under adverse conditions,

In tropical areas where the crop is grown all year, over-
wintering of /. infestans is not an important consideration,
However, where distinct seasons occur, £, infestans overwinters
as mycelium in unharvested tubers, tubers dumped in cull piles
on farms or near commercial storages, or tubers stored and
saved for seed. After plant emergence, the fungus invades a few
of the growing sprouts and sporulates under moist conditions,
producing primary inoculum, Once primary infection has oc-
cured, further spread of P, infestans takes place by airborne or
waterborne sporangia (Fig. 46).

Tubers on cull piles frequently sprout and form dense masses
of suceulent tissue that are casily infected by P. infestans spores
from diseased tubers. Sporulation within the foliage mass
produees prodigious numbers of spores 10 infeet nearby ficlds.

Epidemiology

Tubers, particularly those inadequately covered by soil, may
be infected in the ficld by spores that have been washed from
infected leaves into the soil by rain or irrigation, Rapid tuber
growth frequently causes soil to crack, cxposing tubers to
infection. Tuber infection may also oceur during wet harvest
conditions via contact between tubers and sporangia on vines or
via airborne sporangia. Little, if any, spread of P. infestans
occurs under optimum conditions in storage.

Field infection is most successful under cool, moist
conditions. However, infections take place over a range of
environmental conditions, and high temperature strains of the



Fig. 45. Late blight. Phytophthora infestans: A, sporangiophore; B, sporangiophore branch showing swellings at successive sites of
sporangium formation; C, sporangia. germinating by zoospores (D) and germ tube (E); F, oospore with antheridium; G, haustoria within

tuber cells. Bar i A represents 50 um: bars in D, E, and G represent 10 um. (F. Courtesy of Plant Pathology Section, West Virginia
University)
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fungus have been reported. Sporangial production is most rapid
and prolific at 10067 rh and at 21° C. Sporangia are sensitive to
desiccation and, after dispersal by wind or splashing water,
require free water for germination. The optimal temperature for
indirect germination via zoospores is 12°C, whereas that for
direct germination of sporangia via germ tubes is 24° C. Both
types of germination occur at overlapping temperatures,
however. Zoospores, although yuickly killed bydrying, produce
germ tubes and appressoria in the presence of free water.
Penetration occurs at temperatures between 10and 29° C. Onee
penetration has oceurred, infection and subsequent development
of disease is most rapid at 21°C.

Systems for forcasting late blight and for timing fungicide
applications rely on records of temperature and rainfall (Hyre)
or temperature and relative humidity (Wallin) and predict the
probability of late blight development, assuming the presence of
inoculum. A forecasting system combining both these systems is
“Blitecast™ (Krause et al), which is used in the northcastern
United States for timing fungicide applications. Where rainfall
and relative humidity are closely related, fungicides are applied
after rainfall accumulated to 1.27 em has theoretically washed
previously applied fungicide from the foliage (Barriga et al).

Other Hosts
Late blight often severely affects tomatoes and occasionally
affects eggplant and many other members of the Solanaceac.

Resistance

Two tvpes of resistance to P infestans in potatoes are recog-
nized: 1) specific resistance (also called race specific, vertical,
oligogenic, or monogenie resistance) and 2) general resistance
(also called field, race nonspecific, horizontal, or polygenic
resistance). Before the discovery of specific resistance, fairly
high levels of general resistance were obtained. For several
decades after discovery of specific resistance in Solanum
demissum, breeders incorporated one or a few S, demissum
genes into cach new variety. Because P, infestans is highly
variable, the pathogen rapidly overcame such resistance: use of
specific resistance has therefore contributed little to controlling
late blight. All potato eultivars and all tuber-bearing Solanim
species are susceptible to late blight in the Toluea Valley of
Mexico, where the sexual stage of P, infestans occurs; thus the
probability of obtaining lasting specific resistance is very low.
No cultivars in Europe or North American allow commercial
cultivation of potatoes without fungicide protection. Some
commercial cultivars, such as Sebago, have a moderate level
of general resistance and are protected by lower amounts of
fungicide than are required by other cultivars. Breeding efforts
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Fig. 46. Disease cycle of late blight caused by Phytophthora
infestans. (Reprinted, by special permission, from Plant
Pathology, 2nd ed., by G. N. Agrios. « 1978 Academic Press, New
York)
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on several continents are directed toward obtaining cultivars
with high levels of generalized resistance that can be used with
reduced amounts of fungicide or even without fungicide in drier
areas,

Control

1) Avoid development of early season (primary)inoculum by
the use of blight-free seed and destruction of potential inoculum
sources such as cull piles, volunteer plants, etc.

2) Apply protectant fungicides as recommended by a fore-
casting service or (if such service is not available) as carly as late
blight is present in the area. Apply fungicides regularly as new
vine growth develops and regularly after vines overgrowing the
rows have caused high relative humidity within the canopy. Be
sure that coverage of vines and leaves is thorough and uniform.

3) Prevent tuber infection by maintaining good soil coverage
of tubers through adequate hilling. (Exceptionally large hills are
comuonly made in the Andes, resulting in relatively rare tuber
infection.) Maintain adequate foliage protection to reduce
inoculum production on leaves. Kill vines two weeks before
harvest so that sporangia on leaves dry out and dic and infected
tubers rot, thus permitting identification and removal before the
crop is placed in storage,

4) Prevent rot in storage by removing infected tubers before
storage and maintaining adequate air circulation and
temperature as cool as is compatible with other considerations.

5) Use resistant cultivars where possible,

Selected References

BARRIGA, R.. H. D. THURSTON, and 1.. E. HEIDRICK. 1961,
Ciclos de aspersion para el control de a “gota” de la papa. Agric.
Trop. 17:616-622.

CROSIER, W. 1934. Studies in the biology of Phytophthora infestans
(Mont.de Barv. N Y. Agric. Exp. Sto., Cornell, Mem. 155, 40 pp.

GALLEGLY, M. E. 1968. Genetics of pathogenicity of Phytophthora
infestans. Ann. Rev. Phytopathol. 6:375-396,

GALLEGLY, M. E, and 1. S, NIEDERHAUSER. 1959, Genetic
controls of host-parasite interactions in the Phytophthora late blight
discase. Pages 168-182 in: C. S, Holton, G. W. Fischer, R, W,
Fulten, H. Hart, and S. E. AL MceCallan, eds. Plant Pathology
Problems and Progress, 1980~1958. Univ. Wis. Press. Madison,
SHE pp.

HYRE, R. A. 1954, Progress in forecasting late hlight of tomato and
potato. Plant Dis. Rep. 38:245-253.

KRAUSE, R. A, L. B. MASSIE, and R. A. HYRE. 1975, Blitecast: A
computerized forecast of potato late blight. Plant Dis. Rep.
59:95-98.

LARGE, E. C. 1962, The Advance of the Fungi. Dover Publ,, New
York. 488 pp.

WALLIN, 1. R. 1962. Summary of recent progess in predicting late
blight epidemics in the United States and Canada. Am. Potato J,
39:306-312.

(Prepared by H. D. Thurston and O. Schultz)

Powdery Mildew

Powdery mildew can be an important foliage discase in arid
or semiarid climates. It has been reported from Chile, Peru,
Mexico, New Zealand, Europe, and the Middle East. In the
United States it is of economic importance only in the state of
Washington under row irrigation, although it has been reported
in Ohio and Utah.

Symptoms

Elongated, light brown stipples, 0.5~2 mm in length, may
appear on stems and petioles of infected plants. These often
coalesce to form larger, water-soaked, blackened areas on the
petioles. Infections are initially powdery white (Fig. 47A, Plate
31) and later tan. Sporulation on both leaf surfaces appears as
dusty, grayish-brown deposits that superficially resemble soil or
spray residuc. Severe infections may superficially resemble late
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Fig. 47. Powdery miidew: A, early symptoms; B, Erysiphe
cichoracearum conidiophore; C, mature conidia.

blight, with leaves becoming almost black (Plate 32), necrotic
and abscising, leaving a rosette of upper foliage. Eventually,
general infection ean occur and the entire plant may collapse
and die.

Causal Organism

Conidia of Erysiphe cichoracearum DC. ex Merat form in
chains on unbranched conidiophores, 7-13 X 36-50 um (Fig.
47B). Mature conidia (Fig. 47C) are oval to ellipsoid with
(Mattened ends, 13-16 X 2030 um, and lack well-developed
fibrosin bodies when mounted in water or 10% KOH.
Cleistothecia have simple appendages and contain several asci,
each usually containing two ascospores. Cleistothecia 135-165
pum in diameter with indeterminate appendages and 5-10 asci
are very rare, having been reported only on field-grown potatoes
from the western United States.

Differences iniesistance exist among tuber-bearing Solanum
spp. and within S. ruberosum.

Control
1) Dust or spray foliage with elemental sulfur at intervals of
one to two wecks,

2) Powdery mildew is rarely a problem on potatoes grown
under sprinkler irrigation. A heavy rain will also stop progress
of the discase.
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Early Blight

This disease is found worldwide wherever potatoes are grown.

Symptoms

Initial infection is most frequent on lower, older leaves.
Lesions first appear as snaall (1-2 mm) spots, dry and papery in
texture, later becoming brown-black and circular-ovoid as they
expand. Advanced lesions often have angular margins because
of limitation by leaf veins. Concentric rings of raised and
depressed necrotic tissuc usually, but not always, give lesions a
characteristic “target board™ or “bullseye™ appearance (Fig.
48A). Leaf tissue often becomes chlorotic around and among
lesions. As new lesions develop and older ones expand, the
entire leaf becomes chlorotie, later necrotic, and desiccates but
usually does not abscise (Plate 33). Damage to leaves is
considerably in excess of tissue actually destroyed by lesions,
suggesting that toxins cause leaf death some distance from the
site of infection. Advanced vine symptoms intergrade with those
of Verticillium wilt and leaf scald associated with moisture stress
in irrigated potatoes.

Tuber lesions are dark, sunken, circular to irregular in shape,
and often surrounded by a raised border of purplish to gun
metal color (Fig. 48B). The underlying flesh is dry, leathery to
corky, and usually brown. Tissue in advanced decay is often
water-soaked and yellow to greenish yellow, Lesions can
increase in size during storage, and tubers can become shriveled
in advanced cases. Early blight tuber lesions are not as prone 1o
invasion by secondary organisms as are many other tuber rots.

Causal Organism

Alternaria solani Sorauer (syn. Macrosporium solani Ellis &
Martin) has conidia 1519 X 150-300 um with 9-11 transverse
septa and few, if any, longitudinal septa. Spores are usually
borne singly but may be catenulate. They are straight orslightly
bent, the body being ellipsoid to oblong and tapering gradually
to a long beak (Fig. 48C and D). Color varies from pale to light
tan to olive-brown. The beak is flexuous, pale, occasionally
branched, and 2.5-5.0 um wide. Conidiophores occur singly or
in small groups and are straight or flexuous, pale to olive-
brown, 6-10 um in diameter and up to 100 pm long.

Cultural characteristics vary widely. Most isolates grow well
onartificial media; however, they sporulate sparingly unless the
mycelium is wounded or irradiated or they are cultured ona low
nutrient medium. Colonies are spreading, hairy, and gray-
brown to black. Some isolates produce a yellowish red pigment
in nutrient media.

Disease Cycle

Depending upon the location, A. solani persists in crop
debris, soil, infected tubers, or other solanaceous hosts. The
fungus penctrates the leaves directly through the epidermis.
Primary infection can occur on older foliage early in the season.
However, actively growing young tissue and plants heavily
fertilized with nitrogen do not exhibit symptoms, and most
secondary spread occurs as plants age, especially after blos-
soming, when secondary inoculum levels are higher. In many
locations, carly blight is principally a discase of senescing plants.
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Immature tuber surfaces are easily infected., whereas those of
mature tubers are much more resistant. Wounds are generally
necessary for infection through mature tuber skins, A period of
J-4 days or more between vine killing and digging considerably
increases tuber resistance.

Epidemiology

Maximum mycelial growth of A. solaniin pure culture occurs
at 28°C, whereas optimum temperature for formation of
conidiophores and conidia is 19-23°C. Conidiophore
formation is inhibited, but not irreversibly, at temperatures
greater than 32°C. Temperatures above 27°C stop conidia
formation. Conidiophores develop in light, whercas light
inhibits conidia formation at temperatures above 15°C.
Maximum spore production in the field oceurs between 3:00
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Fig. 48. Early blight: A, leaf lesions with concentric targetlike
markings, somewhat limited by the larger veins; B, tuber lesions;
C, dormant spores of Alternaria solani with short-beaked A.
alternata type near top (bar represents 50 um); D, germinating
spore.
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a.m.and 9:00 p.m. Spores in water germinate within 3545 min
at the optimum temperature (24-30° C) and within 1-2 hr at
6-34° C. Optimum temperature for tuber infection is 12-16° C
but varies with cultivar.

Most rapid progress of the disease occurs during periods of
alternating wet and dry weather. Early blight can be severe in
irrigated desert regions because of prolonged periods of dew.
The discase is often more severe when the host has been
predisposed by injury, poor nutrition, or other type of stress.

Field resistance to foliage infection is associated with plant
maturity. Late maturing varieties are usually more resistant,
Early blight does not reduee vields when infection oceurs late in
the season,

Other Hosts

The fungus is pathogenic on tomato and other solanaceous
crops and has been reported on other genera such as Brassica
spp.

Control

1) Cultivars with levels of field resistance are available, but no
cutivars are immune.

2) Protectant fungicides such as the dithiocarbamates, fentin
hydroxide, and chlorothalonil effectively controlearly blight on
foliage,

3) Fungicide applications scheduled by spore trapping or
other methods so as to coineide with secondary spread of the
disease are most effective. Farly season applications of
fungicides before secondary inoculum is produced often have
little or no effect on the spread of the disease.

4) Permit tubers to mature in the ground before digging, and
avoid bruising in handling,

5) Avoid disturbing seed tubers until ready to plant,
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Alternaria alternata

Alternaria alternata (Fries.) Keissler (syn. A. renuis Nees.)
infects potato and other solanaccous crops, forming lesions on
potato leaves similar to those of carly blight. Spores (20-63
X 918 um) are smaller than those of A. solani, are formed in
chains, and lack the typical long beak (Fig. 49A). Their size and
shape may vary considerably. The fungus is often associated
with other discases and is frequently isolated. It is generally
considered a weak parasite, which attacks plants weakened by
viruses, deficiencies, stress, or senescence.
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Fig. 49. Representative st:uctures for identification of: A, Alternaria alternata, conidia; B, Pleospora herbarum (Stemphylium botryosum),
conidiaand (C) ascospores in ascus; D, Ulocladium atrum (Stemphylium atrum), conidia; E, Septorialycopersici, conidia; F, Phoma andina,
spores from plate culture; G-J, Choanephora cucurbitarum, sporangiophores and conidia of two distinct types. Bars represent 20 um.
(B and C, Courtesy Research Institute for Plant Protection, Wageningen; A and D-J, courtesy L. J. Turkensteen and W. J. Hooker)
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Pleospora herbarum

Pleospora herbarum (Pers, ex Fr.) Rabenh. and its imperfect
stage, Stemphylium botryosum Wallr., are often found
associated with potato plants poorly adapted to warm
conditions or to other environmental stresses. Round, rapidly
enlarging, light colored leaf lesions develop; affected tissues
appear as thin paper (Plate 34). The same fungus is commonly
isolated from dead and dried materials and wood. but is also
known as a pathogen for several crops.

Conidia are olive to brown and oblong, with three transverse
septaand 1-3longitudinal septa. The spores are 19.5% 28.5 um,
with asingle basal pore 8 um in diameter (Fig. 49B). Ascospores
are dark, yellow-brown, ellipsoid to clavate, muriform, and
26-50 X 10~20 um (Fig. 49C). Transmission is by airborne
ascospores or conidia, and penetration is through stomata.

Selected References

BOOTH, C.,and K. A. PIROZYNSK]. 1967. Pleospora herbarum. No.
150in: Descriptions of Pathogenic Fungi and Bacteria. Commonw.
Mycol. Inst., Kew, Surrey, England. 2 pp.

ELLIS, M. B, 1971. Dematiaceous dyphomycetes. Commonw. Mycol.
Inst., Kew, Surrey, England. 608 pp.

(Prepared by L. J. Turkensteen)

Ulocladium Blight

Ulocladium atrum Preuss (syn. Stemphylium atrum (Preuss)
Sacc.)is a weakly pathogenic organism (Fig. 49D). In the high
(over 3,500 m) Andean region around Lake Titicaca. it causes
a potato foliage blight that is associated with damage from
insects and, especially, from hail. Damage caused by the
frequent hail storms is increased considerably as torn edges of
leaves turn dark to black. When heavily attacked by U. atrum,
the whole foliage turns blackish and becomes necrotic. Also,
tiny, dark colored lesions up to 3 mm in diameter with irregular
margins are formed on healthy leaves, apparently without
previous wounding. Peruvian natives call the discase kasahui.
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Stemphylium consortiale

Stemphylium consortiale (Thiim.) Groves & Skolko (syn.
Ulocladium consortiale (Thiim.) Simmons) causes lesions
occurring with and superficially resembling those caused by
Alternaria solani, cxcept that lesions lack the concentric
markings of carly blight and are lighter brown. Lesions develop
three to four daysafterinoculation and cause defoliation similar
to that of early blight,
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Septoria Leaf Spot

The disease is present in Central and South America. It occurs
incultivated potatoes at elevations that differ considerably from
one regiontoanother, e.g., at 1,600-2,500 m in Venezuela and at
3,800-4,200 m in Peru. It occurs in wild potato at a wider range
of elevations.

Symptoms

Lesions on leavesare round to oval (Fig. 50) and have concen-
tric rings of raised tissue when viewed from the upper surface,
Rings are similar to those of early blight or Phoma leaf spot.
Septoria leaf spot can be distinguished with the help of a good
hand magnifier by the presence of one or more relatively large,
erumpent pycnidia (90-230 um)in older lesions. Leavesin a late
stage of attack become briitle, deformed, and suscepiible to
wind damage. In advanced stages, leaves become necrotic and
may drop from the plant. Yield reductions are considerable.

Causal Organism

Septoria Iycopersici Speg. is similar on tomato and potato
plants but exhibits differences when isolates from the two hosts
are grown on artificial media. Dampened pycnidia release
masses of hairlike spores (1.8-2.4 X 25-135 um or longer) with
three or four, sometimes up to seven, cross walls (Fig. 49E). On
artificial media, lead gray colonies expand very slowly, and
oatmeal agar becomes brown below the colony.

Epidemiology

The disease is present in regions characterized by cool, moist
weather during the growing season. Inoculum is transported by
rain splash and probably carries over on plant debris in soil.
Long moist periods during which leaves stay wet are thought to
be necessary for infection.

Other Hosts
Tomato is the principal other host.

Control

1) Nonsystemic fungicides capable of controlling late blight
are effective agaist Septoria. Treatment should be started at an
early stage of infection because lesions, once present, form a
continuous source of inoculum.

2) Differences in susceptibility have been obscrved,
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Cercospora Leaf Blotches

The disease is reported from cool and temperate climates of
Europe and Russia and from the eastern part of the United
States, where itis not considered an important disease. Itis also
reported from restricted areas in Africa and Asia and from
India, where it occurs with carly and late blights.

Symptoms

First symptoms on lower leaves are small vellow to purplish
lesions thatincrease from 0.2to 1 emin size. On the underside of
the lesions, a dense, plush, gray layer of conidiophores and
conidia is formed. Later, lesions are separated from
surrounding tissues by a dark line. When lesions become
neerotic, tissue may drop out, leaving only holes. Necrotic
lesions are distinguished from those of Alrernaria solani by the
lack of concentric rings. The disease becomes apparentatabout
the same time as late blight. The leaf may be killed: stem lesions
become dark; and the entire plant may die. Symptoms on tubers
have not been described.

Causal Organism

Mycovellosiella (Cercocpora) concors (Casp.) Deighton has
dark spores formed on densely branched sporophores that
emerge through stomatwa. The straight or slightly bent, dark
spores are variable inlength (14-57 X 3.5~6 um) and may have
up to six septa or none (Fig. 51).

An additional Cercospora species can attack potato. This
larger spored form, C. solani-tuberosi Thirumalachar, with
conidia 41-120 X 3.3 um( 1-12septate), is described from India.

Fig. 51. Cercospora leat blotch. Conidia and conidiophores of
Mycovasllosiella (Cercospora) concors. Bar represents 25 um.
(Reprinted, by special parmission, from More Dematiaceous
Hyphomycetes, by M. B. Ellis. <1976 Commonwealth
Mycological Institute, Kew, Surrey, England)

Control
Foliage sprays used for other leaf pathogens are apparently
effective,
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Phoma Leaf Spot

Yicld losses up to 80¢ have occurred from Phoma leafspotin
the Andes of Peru and Boliva at altitudes of 2,000-3,500 m,

Symptoms

Small leaf spots, up to | cm but mostly less than 2.5 mm in
diameter, have concentric rings and are similar to early blight
lesions cxcept that the lesions are not depressed into the leaf
tissue (Plate 35). At first a few lesions form on the lower leaves;
gradually infection spreads to the whole plant. Primary lesions
continue to expand, and secondary infections give rise to many
smaller lesions. which may coalesce. Foliage becomes blackish
and when it dies remains attached to the stem for a time before it
drops. On stems and petioles, clongate lesions develop.

Causal Organism

Phoma andina Turkensteen ha. light-colored pycnidia,
125-200 pm in diameter (on artificial media) containing a
distinct ostiole surrounded by 2-3 rows of brown cells. In leaf
lesions, many submerged pycnidia are present at the upper side
only. From the same pycnidium, two types of spores are formed:
1) hyaline, one-celled infective spores, 14-22 X 5-7 um, shaped
like two-seeded peanut pods (Fig. 49F), and 2) small sporelike
bodies, 5.8-7.8 X 2.0-2.6 um, which do not germinate on
artificial media nor infect plants. On artificial media, single,
hyaline chlamydospores develop in series, but complex
chlamydospores are also formed. In rare cases, spores in old
cultures may be two-celled and considerably larger.

The colony is light colored on artificial media. It is relatively
siow growing, and on acid (pH 4.5) media its growth is strongly
inhibited. On potato-dextrose agar and oatmeal agar the
medium turns yellow-green and yellow, respectively, within two
to three weeks. When grown on slightly acid agar for one week,
the medium turns yellow when a drop of | ¥ NaOH is added to
the surface.

Other Hosts
Cultivated and wild species of potato are as yet the only
known hosts,

Control

1) Applications of fungicides are effective when started early
in the season before lesions are abundant.

2) Resistance is known,
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Choanephora Blight

Choanephora blight, caused by Choanephora cucurbitarum
(Berk. & Rav.) Thaxter is only known so far in hot, moist,
tropical sitesin Peru whiere potato has recently been introduced.
It is marked by long (4-5 mm), spiny sporangiophores (Fig.
49G~1) on initially water-sor Led. but later necrotic, lesions
(Fig. 52). Affected plants oo - die rapidly or slowly,
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Gray Mold

The fungusis found on a wide range of plants throughout the
world but in potato the discase is usually considered of minor
economic importance.

Symptoms

Symptoms become apparent on foliage toward the end of the
growing season. Lestons on upper leaves are rare, developing
anly during periods of cool weather. Lestons are usually on the
margins or ups of leaves, typically wedge-shaped. often
hordered by major veins, and have wide concentric zonation.
They may superficiatly resemble late blight lesions. When
infected flower parts fall on leaves, the fungus may grow from
the decaying part and produce a somewhat circular lesion (Fig.
53B).

Lower leaves that have become chlorotic from shading break
downwithaslimy rot. Rotspreads from infected leaves through
the petiole and into the cortex of the stem (Fig. 53A).

Botryvtis fruits profusely on affected tssue, producing a fuzzy
appearance. Spore masses and acrial myeelia with gray mold are
relatively dense and off-white or gray to tan in contrast to those
with late blight, which are sparse and white.

Tuber infection, which is uncommon, is not apparent at
digging but develops during storage and may become severe,
The surface of infeeted tissue is wrinkled. Underlying tissue is
flabby. temporarily darkened, and later becomes semiwatery
with brown decay. Tufts of the fungus may emerge from wounds
and eyes (Fig. 53C and D). A dry type of rot also develops,
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Fig. 52. Choanephora cucurbitarum infection on potato leaves.
(Courtesy L. J. Turkensteen)
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appearing as sunken, pitted, discolored areas penetrating
usually less than 1 cm.

Causal Organism

Botrytis cinerea Pers. produces conidia in a grapelike cluster.
conidia are ellipsoid to ovoid, one-celled, 9157 6.5~ 10 um, and
barne on the tips of condiophores (Fig. S3E-G). Botrytis fruits
on decaying petioles, stems, flowers, and tuber parts, and on
sclerotia. Sclerotia are hard, black., frregularly shaped. 1-15mm
long, and lirmly attached to the substrate.

The perfect stage, Sclerotinia fuckeliana (de Barv) Fuckel
(syn. Botryotinia fuckeliana (de Bary) Whetz,) is relatively rare,
with apothecia 1.5-7.0 mm in diameter and 3-15 mm high.

Epidemiology

Infection, sometimes initially latent, becomes apparent on
senescent plant parts under stress from shading or excessive
humidity. Spores are spread by wind and rain, and lesion
development is limited by dry sunny conditions. Leaf infection
requires high humidity and relatively cool temperatures.
Inoculum is apparently ubiquitous.

High levels of Kand N fertility reduce the percentage of tuber
infection. Relative maturity of tubers has little influence on
incidence of infection. Tuber decay may be severe when tubers
are placed immediately into storage at moderately low
temperatures and high humidity without previous wound
healing.

Control

1) Faliage protectant sprays may be useful if foliage is not
severely shaded.

2) Permit tubers to wound heal before placing them in low
temperature storage.
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White Mold

White mold is a cool temperature disease occurring in the
Andes and in temperate zones nearly everywhere that potatoes
are grown,

Symptoms

Water-soaked lesions covered by a cottony mycelial mat and
sclerotia are most frequent on the main stem at the soil line or on
lateral branches in contact with the soil. They may appear,
however, in the angles of secondary branches, leaves, petioles,
and flower peduncles. Leaf lesions, irregularly shaped, are
usually at the base of leaflets. First symptoms are small areas of
discolored tissue that turn gray and look wet. In severely
affected plants, the stem is girdled and plants dic (Plate 36).
Infected stems often with zonate lesions (Fig. 54A) have mycelia
and sclerotia in the pith (Fig. 54B).

Tubers near the soil surface may be infected, beginning with
small depressed areas sometimes located near the eyes and
having a distinct demarcation between affected and healthy
tissues. As lesions cnlarge, flesh shrinks and becomes
superficially blackened and spongy (Plate 37). Rot is watery and
soft, becoming lcaky under pressure. It is whiter than normal
and, even in advanced stages, discolors the tuber only slightly
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Fig. 53 Gray mold. A, Botrylis sporulating on stem lesion and dead petiole: B, leat lesion; C and D, Botrytis tuber infection with feltlike
mass of mycelium at arrow: E andF, Botrytis cinerea conidia on conidiophore: G, conidia. Bar in E represents S50 um; barinF represents 10
pn

and gives no odor, Infected tissues laterdevelop internal cavities
flled with myeelium and sclerotia,

Causal Organisms L S

Sclerotima selerotiorim (Lib)y de Bary (svn. Wherzelinia
selerotiorum (1ib.) Korl, & Dumont) and also S, minor Jagger
and Soovermedia Ramsey are causal agents. Sclerotia (Fig, A
S4Cyare hard. lenticular orirregular in shiape,and varied in size.
Fhey may be minute or may be over a centimeter in diameter. .
Young sclerotia have bliack coy crings and white intertors; later F'" T < o _ - L
the anterior becomes black and tirm. | he myeelinm is white "*.Q‘ W“ el "r“ il'»‘:&- P
and fufty. Minute. globose spermatia (23 um) develop infre- R - e = - .%a}. - ot
guently in myeelial mats at the base of the plant or in drving P e . R ‘;
cultures. Their role in pathogenicity is unknown, Apothecia o ’ - Tl
(Fig. 55 top) formed at the soil surface may be funnel-shiaped to B

flat. Theircolorsinelude pale orange, pink dight tan, and white. o o
Apotheciacanbe 1.5 cm or more indiameter. and oae or several @ . ’ y a
may emerge from a single sclerotium. Asci are cight-spored, C "' )

hyaline, eylindroclavate, R0-250 > 4-23 Hm. Ascospores are

unicellular, 6-28 = 2-15.2 ym. ovoid, hvaline, narrow at the Fig. 54. White mold: A, zonate lesions on stem; B, stem interior

base, and slightly inflated at the apex. Paraphyses are filiform showing cavity containing Sclerotinia sclerotiorum mycelium
and hyaline (Fig. 55 bottom), and a sclerotium; C, sclerotia.
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Disease Cycle

Soilborne sclerotia near the surface germinate, formingcither
an apothecium or, if enough moisture and organic matter are
available, a mycelial mat. The mycelium penetrates stems at the
soil line and forms a white, fluffy mat on the stem and, fre-
quently, also on adjacent soil. The fungus invades plant tissues
rapidly, entering the inner stem tissues and pith, where sclerotia
are formed. Apothecia forcefully eject numerous ascospores at
maturity. Ascospares may spread a considerable distance from
the source, settle on lateral brziches or leaf surfaces, germinate,
infect, and cause lesions. The fungus overwinters as sclerotia in
the soil and in crop residues.

Epidemiology

Cool temperatures (16-22°C) and high relative humidity
(95-100¢%) favor discase development. Sclerotia are killed
within 36 weceks in flooded fields. Older tissue appears to be
more susceptible than young tissue because the disease spreads

METRIC 1 L2
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Fig. §5. Top, Sclerotinia sclerotiorum apothecia attached to

sclerotia. Bottom, Hymenial layer of ascus: a, ascus with spores;
b, paraphyses; ¢, an ascospore. Scale at top is in centimeters;
bar represents 20 um. (A, Courtesy T. A. de Icochea)

50

more rapidly after plants are flowering and forming tubers.
Heavy rainfall orirrigation induces apothecia production from
sclerotia. Ejected ascospores are more effective in disease dis-
semination than is mycelium from sclerotia.

Other Hosts

S. sclerotiorum has a wide host range, attacking many dicoty-
ledonous crops and weeds. Among solanaccous plants, potato,
tomato, pepper, tobacco, and eggplant are severely attacked.

Control

1) Crop rotation with graminaccous crops for four or more
years reduces discase incidence.

2) Fungicide application, especially with systemics, has been
reported to give good control,

3) Flooding fields between crops may destroy sclerotia,

Selected References

BUSTAMENTE, E. R..and H. D. THURSTON. 1965, Pudricion dura
del tubérculo de la papa. Agric. Trop. 21:113-12],

EDDINS, A. H. 1937. Sclerotinia rot of Irish patatoes. Phytopathology
27:100-103.

MOORE, W. . 1949. Flooding as a means of destroying the selerotia
of Selerotinia selerotiorum. Phytopathology 39:920-927,

PARTYKA, E. E. and W. I, MAL 1962. Effects of environment and
some chemicals on Sclerotinia selerotiorum in laboratory and
potato field. Phytopathology 52:766-770.

PURDY, L. H. 1955. A broader concept of Sclerotinia sclerotiorum
based on variability, Phytopathology 45:421-427,

RAMSEY, G. B. 1941. Botrytis and Selerotinia as potato tuber patho-
gens. Phytopathology 31:439-448.

(Prcpared by T. A. de Icochea)

Stem Rot

Stem rot affects potatoes in the tropical and subtropical
regions. It is also reported from some countries with temperate
climates: New Zealand, Denmark, The Netherlands, Argentina,
Chile, the United States, and Russia,

Symptoms

Plant stems are infected at or below the soil surface (Plate 38).
The plants wilt and lower leaves become chlorotic. An
appressed, white, fanlike mycelial growth radiates over the soil
surface, and numerous round, tan sclerotia form in the older
mycelia at the stem base and soil surface. Lesions usually grow
up and down the stem, and all living tissues arc killed. Initially,
infected tissues are soft, depressed, and brownish. As the dead
cortical stem tissues dry out, xylem remains as fibrous strands.

Tubers become infected through the stolons of discased
plants and through lenticels from mycelia growing over tuber
surfaces. The fungus radiates, forming symmetrical circles
around the lenticels. Fresh lenticel lesions are moist, semifirm,
and cheesy. They are casily dislodged and leave a cavity. After
drying, the circular lesions become white and chalky (Fig. 56B).
Multiple lesions may form on the tubers, destroying them before
harvest. Secondary invaders, Erwinia spp., enter through these
lesions and accelerate tuber decay. Infections incipient at
harvest continue rotting during transit and storage, and often
white superficial, closely appressed, mycelial strands radiate
from the infection site (Fig. 56A).

Natural infection of sced tubers in the field occasionally
causes sced decay and reduced stands.

Dead or dying plants devoid of fungus signs can often be
diagnosed by placing them in a moist chamber for a few days;
abundant mycelia grow from them.

Causal Organism

The mycelium of Sclerotitm rolfsii Sace. is white when young,
becoming tan as it gets older. It is 6-9 um in diameter and has
thick clamp connections (Fig. 56C). Older mycelia usually form



strands of pigmented hyphae. Sclerotia are numerous, round,
0.4-2.0 mm in diameter, white when young, then tan, and dark
brown when old. The basidial stage, Pellicularia rolfsii (Sace.)
West, is uncommon, with basidiospores approximately 3.5-5 X
6=7 um, elliptical to obovate, rounded above and either rounded
or pointed at the base. Basidiospores do not scem to be
important in the disease cycle.

Histopathology

Hyphae are both intracellular and intercellular and are con-
stricted at the poini of penetration of the cell wall. Host cells are
killed well in advance of fungus hyphae. The hyphae produce
oxalic acid in considerable quantities and also the enzymes
polygalacturanase and cellulase, which hydrolyze and disrupt
cell walls.

Disease Cycle

The fungus is soilborne as sclerotia or mycelia on decaying
vegetable matter. Sclerotia permit long-term survival but
contain relatively low energy reserves. They produce short-lived
mycelia unless a suitable living or dead plant part is available.
Myecelia infect seed tubers, sprouts, grown plants at any stage,
and tubers. As an energy supply is exhausted, the mveelia
aggregate, and sclerotia are formed. Discase spread in the field is
by mycelial growth or by dispersal of mycelial fragments and
sclerotia in debris or infested soil. Spread is thercfore slow.
Disease incidence within a field is often erratic, with infected
plants as foci. Long distance spread is by transfer of infected
plant parts containing hyphace or sclerotia, by movement of
sclerotia by wind or surface water, or by mechanical means.

Epidemiology

Germination of sclerotia and mycelial growth are favored by
acrobic conditions, high temperatures (28-30°C). and high
relative humidity. Vegetative survival is in the upper few

\r\\
Fig. 56. Stem rot. Symptoms on tuber: A, radiating white
mycelium; B, later stage with sclerotia. C, Clamp connections in
hyphae of Sclerotium rolfsii. (A, Courtesy L. W. Nielsen; B,
courtesy T. A. de Icochea; C, courtesy T. A. de Icochea and L. J.
Turkensteen)

centimeters of the soil but may be deeper if the soil is dry and
well acrated. Cool climates (elevations above 1,000 m in the
tropics) are not favorable for discase development,

Other Hosts

S. rolfsti infects cultivated and noncultivated plants such as
ferns, certain mosses, gymnosperms, grasses, cereals, banana,
and many dicotyledonous plants including certain woody trees.
Italso grows on plant residues, including wood, in appropriate
temperature and relative humidity.

Control

I} Use pentachloronitrobenzene as tuber seed treatment,

2) Fumigate soil with 319 sodium N-monomethyldithiocar-
bamate dihydrate.

3) Bury plant debris bv deep plowing.

4) Avoid throwing so:l or organic material (weeds) onto
lower stems of potato plants during cultivation.

5) Control defoliating diseases to prevent accumulation of
leaves on soil surfaces.
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Rosellinia Black Rot

The disease is prevalent in the tropics, where temperate and
moist climates are found during the growing scason. Especially
heavy yield losses, rivaling those of late blight, are reported from
Costa Rica and Ecuador, The discase has also been reported
from Bolivia, Colombia, Peru, and Chile.

Symptoms

Plants become stunted and wilted. Leaves yellow, and plants
slowly die. Stems may be cankered. Roots and stolons may be
partially or completely destroyed, dark colored, and covered by
a mat of rough, loosc, fast growing strands of a grayish white
mycelium (Fig. 57A). Affected tubers are partially or completely
cavered by the loose fungus strands at harvest (Plate 39). A
hard, dark brown carbonaccous mass soon forms in affected
tissuc under the white mycelium. When cut, tubers often show a
band of striate projections growing inward from the tuber sur-
face (Fig. 57C). Single plants or groups of plants may be
attacked in the field. Infection expands from affected plantsin
all directions, When soil is removed, rhizemorphlike strands of
the fungus are found to extend from one plant to another.
‘Tubers frequently rot before harvest.

Causal Organism

Morphology of the mycelium and, especially, the character-
istic swellings of the hyphae above the septa (Fig. 57B) are
characteristic of the genus Rosellinia, which produces no known
fruiting bodics and should be considered a member of the
Mycelia sterilia.

Rosellinia black rot can be distinguished from stem rot
because the fungal strands from Rosellinia may be present on all
parts below soil level, whereas Sclerotium rolfsii affects only the
parts close to the soil surface. Rosellinia does not form round
sclerotia. It also differs from the perfect stage of Rhizoctonia
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solani (Thanarephorus cucemeris), which forms a velvety white
sheet in close contact with plant parts touching the soil,

Epidemiology

The disease occursin level or moderately sloping fields where
water accumulates. The fungus develops in warm soils rich in
organic matter at lower clevations, frequently on recently
cleared land that has been forested or planted with pasture. It
beconies @ problem when potatoes are not rotated.

Other Hosts

The fungus affects carrots, beets, and members of the
Brassicac and of the gencra Amaranthus, Rumex, and
Polvgonum.

Control

1) Remove all debris from {reshly cleared land.

2) Keep the land free of weeds, which may maintain the
fungus,

J) Rotate potatoes with nonsusceptible crops.

4) Soil treatments (metam-sodium pentachloronitrobenzene)
have reduced the discase to some extent.

Selected References

ORELLANA, H. A, 1978, Estudio de la enfermedad “Lanosa” de la
papa en Ecuador, Fitopatologia 13:61- 66,
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Fig.57. Rosellinia black rot: A, infection of underground parts; B,
characteristic swellings of mature hyphae (bar represents 20 um);
C, tuber rot with characteristic black lines projecting into tuber.
(A, Courtesy E. R. French; B, courtesy G. deAbad and W. J.
Hooker)
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(Prepared by L. J. Turkensteen)

Rhizopus Soft Rot

This fungus occurs throughout the world, but the disease is
important chicfly in the tropics. Tuber losses under high tem-
peratures may be high,

Symptoms

Water-soaked Icsions on skin, initially small, enlarge rapidly
and become a soft, watery rot extending into the flesh, Rotted
tissue later becomes brown to chocolate brown. Mycelium in
tissue is at first white and later dark. Grayish, later dark, spor-
angiophores develop on the surface. Rotted tissue develops
zonate markings and at low relative humidity becomes a dry rot.

Causal Organisms

Rhizopus stolonifer (Fr.) Lind., R. arrhizus, and other
Rhizopusspp. are typically saprophytes but may also be wound
parasites on a wide range of fleshy storage organs of fruits and
vegetables. Invasion is characterized by dissolution of the cell
wall middle lamella. Germinating spores and mycelium growth
are markedly inhibited by low temperature. The discase is most
severe at temperatures of 20-40°C,
Control

1) Chilling tubers just after harvest to 2.5°C or below in-
activates spore germination and mycelial growth,

2) Tuber treatment with disinfectants has been successful.

3) Avoid wounding tubers.

Selected References
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LINK, G. K. K., and Gi. B. RAMSEY. 1932, Market discascs of fruits
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(Prepared by S. K. Bhattacharyya and R. Dwivedi)

Rhizoctonia Canker (Black Scurf)

Rhizoctonia canker, commonly called black scurf, is present
in all potato-growing arcas.

Symptoms

Black or dark brown sclerotia develop on surfaces of mature
tubers (Plate 40). Sclerotia may be flat and superficial or large,
irregular lumps resembling soil that will not wash off. The tuber
periderm under such sclerotia is usually unaffected. Other tuber
symptoms include cracking, malformation, pitting, and stem
end necrosis.

Plants are most severely damaged in the spring short » after
planting; killing of underground sprouts delays emergence,
especially in cold, wet soils. This results in poor, uneven stands
of weak plants and subscquent yield reduction. Emerging
potato sprouts may also be infected with cankers on the devel-
oping stem, often causing girdling and stem collapse (Fig. 58).
Partial or complete girdling may promote a variety of plant
symptoms, including stunting and rosetting of plant tops, cor-
tical necrosis of woody stems, purple pigmentation of leaves,
acrial tubers, upward leafroll, and often chlorosis, most severe
at the top of the plant,

Reddish brown lesions on stolons cause stolon pruning or
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tuber malformation. Roots are also pruned, resulting ina sparse
root systen,

The sexual (perfect) stage of the pathogen occurs on stems
Jjust above the soil line as a whitish giay mat on which
basidiospores are formed, giving the surface a powdery
appearance {(Fig. 59A). The mat is easily rubbed off, and the
stem tissue below the mat is healthy., These mats are often
located above a lesion on the belowground portion of the stem
(Plate 41),

A type of tuber malformation (Fig. 60), incompletely
understood and not directly linked to Rhizoctonia infection, is
frequent when Rhizoctonia is severe on tubers. The condition is
believed to follow mycelial infection of the tip of very voung
tubers. Growth is retarded under the area of infection, and the
tuber is deformed, often with superficial scalelike discolored
tissue.

Causal Organism

Ihe pathogen in its imperfect stage is Rhizoctonia solani
Kiithn and in its perfect stage (Fig. 59 Cand D) Thanatephorus
cucueris Frank.) Donk. (svn. Corticium vagum Berk, & Curt,,
Pellicularia filamentosa (Pat.) Rogers, and Hypochnus solani
Prill. & Delacr.). The Rhizoctonia hyphae are capable of ana-
stomosis (hyphal fusion), and isolates have been further
classified according to anastomosis groups, Isolates pathogenic
to potato are generally placed in group AG-3 (Parameter et al),

The mycelium is penerally tan o dark brown and hyphae are
rather large (generally 810 um in diameter). Young, vegetative
hyphae have multinucleate eells and branch near the distal
septum of a cell. Right-angle branching, constriction of branch
hyphae at the point of origin, formation of a septum in the
branch near the origin (Fig. 59B), and a prominent septal pore
apparatus are all charactenistics of R, soloni,

Rhizoctonia produces a growth-regulating toxin that may be
partially responsible for tuber malformation.

Disease Cycle

The pathogen overwinters as selerotia on tubers, in soil. or as
mreelium on plant debris in the soil. In the spring, when
conditions are generally favorable, sclerotia germinate and
invade potato stems or emerging sprouts, especially through
wounds. Roots and stolons are invaded as they develop
throughout the growing season. Sclerotial formation on new
tubers is initiated at any time, depending on environmental

conditions; however, maximum development occurs as tubers
remain in the soil after death of vines,

Epidemiology

Rhizoctonia populations may increase in soils where little or
no rotation is practiced. Planting seed tubers that are heavily
infested with sclerotia also favors inoculum buildup in soils.
Environmental conditions favoring the pathogen are low soil
temperatures and high moisture levels, The optimum soil tem-
perature for disease development is 18° C and discase

Fig. 58. Rhizoctonia cankers on young stems, sprout girdling and
death, and lateral sprouts forming from nodes below lesion.
(Courtesy R. C. Rowe)

Fig. 59, Rhizoctonia solani (Thanatephorus cucumeris): A, perfect stage on potato stem; B, mycelial branching from such superticial
mycelium on stem surface; C, basidiospores; D, basidium from potato stem surface near the soil line. Bar represents 10 um and appliesto
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development decreases with increasing temperatures. High
moisture levels in soils, especially those poorly drained, also
tend to increase severity of sclerotial formatior. on new tubers,

Tuberborne sclerotia range in pathogenicity to stems and
stolons from avirulence through moderate to high virulence.
The influence of tuberborne sclerotia on the health of the
following crop is not consistent and varies from essentially no
deleterious effect to a measurable increase in sprout-pruning,
stem cankers, and vield reduction.

High resistance within potato has not yet been identified.

Other Hosts

R. solani is a pathogen of numerous crops and weed hosts
throughout the world. Its selective pathogenicity depends on the
strain present.

Control

1) Sced treatment is not effective in heavily infested soils. Use
discase-free seed combined with sced treatments such as the
svstemic fungicides (benomyl, thiabendazole, or carboxin) or,
where aceeptable, organic mercury.

2) Soil treatments of benomyl or pentachloronitrobenzene
reduce soilborne inoculum, but the returns may not justify the
cost.
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Fig. 60. Injury at tuber apex, common under certain conditions
when Rhizoctonia is present. (Courtesy H. Torres)
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Violet Root Rot

Although infrequent, violet root rot has been reported from
most of the major potato-growing areas of the world.

Symptoms

Aboveground symptoms are not distinetive. The foliage may
become chlorotic, and plants may wilt and die suddenly in
localized arcas in the field. Belowground plant parts are often
covered only with a reddish-purple mycelial network on the
uninjured skin. Under the mycelial mats, tubers may have dark
gray, somewhat sunken spots covered with purplish black
sclerotia. The fungus tends to be limited to the cells near the
periderm of the tuber. Wet rot of tubers may develop under
mycelial mats.

Causal Organism

Helicobasidium purpureum (Tul)) Pat. (syn. Rhizoctonia
crocorum (Pers.) DC) has young hyphae that are light violet,
becoming more intensely violet with age. Hyphal branches arise
at right angles close to a septum. The mycelium is branched,
septate, and distributed evenly over the host surface. On occa-
ston, strands are clearly visible. Dark brown to purplish black
sclerotia form on the fungal mats. Sclerotia are essentially
round, covered with a thick velvety felt, and vary in diameter
from a few millimeters to several centimeters. The basidial stage
is present infrequently on the base of potato stems near the soil
surface asa white, superficial growth similar to that of R. solani.
The basidium is hyaline, with two to four celis, each bearing a
sterigma (10-35 um in length) that produces a basidiospore
(10-12 X 6-7 um).

Disease Cycle

The fungus overwinters in the soil as sclerotia, These
germinate in the spring and infect the crop. Basidiospores may
spread the discase.

Other Hosts

The fungus parasitizes a wide range of hosts, the most im-
portant being carrot, lucerne (alfalfa), asparagus, and sugar
beet.

Control
Rotation may be useful. Avoid rotation with other hosts.

Selected References
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(Prepared by L. V. Busch)

Silver Scurf

Silver scurf is probably present in all of the major potato
growing areas,



5. Wind injury.

6. Photochemical oxidant air pollution injury,
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9. Potassium (left) and calcium (right} deficiencies. (Courtesy
Department of Soils and Plant Nutrition. University of
California, Berkeley)

11. Blackleg, Erwinia carotovora var. atroseptica infection in
the field. (Courtesy M. D. Harrison)
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8. Nitrogen (left) and phosphorus (right) deficiencies.
(Courtesy Department of Soils and Plant Nutrition, University of
California, Berkeley)
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10. Early sumptoms ol magnesium deficiency (left) and
manganese deficiency (right) (Left, Courtesy Department of
Soils and Plant Nutrition, University of California, Berkeley;
right, courtesy International Minerals and Chemicals Corp.,
Libertyville, IL)

R

12. Bacterial soft rol. Erwinia carotovora lenticel infection of
tubers.



13. Bacterial soft rot. Erwinia carotovora infection of tuber.
(Courtesy J. E. Huguelet)

15. Brown rot. Tubers infected with Pseudomonas solanacearum
exhibiting discolored eyes and vascular breakdown.

17. Bacterial ring rot. Tuber infected with Corynebacterium
sepedonicum. (Courtesy J. E. Huguelet)

Ry 1y

16. Ring rot. Interveinal chlorosis and
upward curling of leaf margins. (Courtesy
R. H. Larson)
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14. Brownrot. Plant infected with Pseudomonas solanacearum.
(Courtesy E. R. French)

18. Pink eye. Infection at the tuber apex.
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19.Pink eye. Tuber rot from severe pink eye infection. 20. Common scab. Streptomyces scabies infection of tubers
ranging from surface russeting to deep lesions.

21. Deep common scab. Streptomyces scabies infection with
sparse gray sporulation on the lesion surface. (Courtesy J. E.
Huguelet)

22, Powdery scab. Early and late infection of tuber. (Courtesy C.
H. Lawrence and A. R. McKenzie)

23. Powdery scab. Spongospora
subterranea infection of potato roots,
{Courtesy E. R. French)
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25. Wart. Syncnytrium endobioticum
infection of tuber. (Courtesy M. C.
Hampson)

24. Wart. Synchytrium endobioticum infection of meristems
of stems, stolons, and tubers. (Courtesy R. Zachmann)

26. Leak. Tuber infected with Pythium sp. (Courtesy J. E.
Huguelet)

27. Pink rot. Tubers infected with Phytophthora erythroseptica.
(Courtesy R. C. Rowe)

28. Late blight. Rapidly expanding lesions with pronounced
chlorotic border. (Courtesy D. P. Weingartner)

(
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29. Late blight. Leaves and s‘ems infected vth Phytophthora 30. Late blight. Exterior and interior discoloration of tubers

infestans. Note sporulation on leaf surface. {Courtesy R. infected with Phytophthora infestans.
Zachmann)
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32, Powdery mildew. Advanced stages
of infection by Erysiphe cichoracearum.
(Courtesy R. C. Rowe)

31. Powdery mildew. Recent infection of young leaves
by Erysiphe cichoracearum. (Courtesy R. Zachmann)

33. Early blight, Alternaria solani infection of leaves.
(Courtesy L. J. Turkensteen)
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34. Pleospora herbarum (Stemphylium botryosum). Infected 35. Phoma andina. Infected leaves. (Courtesy L. J.

leaves. (Courtesy L. J. Turkensteen) Turkensteen)

37. White mold. Sclerotinia sclerotiorum infection of tuber.
(Courtesy T. de Icochea)

36. White mold. Sclerotinia sclerotiorum
infection of stem. (Courtesy R. Zachmann)

39. Rosellinia black rot. Infection of
tubers, with white mycelium on the tuber
surface and soil. (Courtesy J. Bryan)

38. Stem rot. Sclerotium rolfsii stem infection at the soil line.

{Courtesy L. J. Turkensteen) , )
.
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40. Rhizoctonia black scurf. Sclerotia of R. solani on 41. Rhizoctonia canker. R. solani infection of
tuber surface. underground stems, sclerotia on seed tuber, and

aboveground perfect stage (white area) on targer central
stem. (Courtesy R. Zachmann)

42. Silver scurf. Helminthospsorium solani infection of tuber.
(Courtesy J. E. Huguelet)

43. Black dot. Colletotrichum atra-

mentarium on stem. (Courtesy E. R.
French)
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44. Charcoal rot. Macrophomina phaseoli infection of tuber. 45. Gangrene. Phoma exigua var. foveata infection of tubers.
(Courtesy L. J. Turkensteen) (Courtesy R. Booth)

I

46. Fusarium dry rot infection of tuber (exterior view). (Courtesy 47. Fusarium dry rot infection of tuber (interior sections).
J. E. Hijguelet) {Courtesy J. E. Huguelet)

48. Fusarium dry rot. Cultural differences between F. roseum (fast 49. Fusarium wilt. Vine symptoms of F. eumartii infection.

growing pink) and F. solani (slow growing purple). (Courtesy L.
W. Nielsen)
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53. Common rust. Puccinia pittieriana infection of leaves.
(Courtesy E. R. French)

54. Deforming rust. Aecidium cantense infection of leaves and
petioles. (Courtesy E. R. French)



55. Leafroll virus. Current season (pnmary) symptoms, 56 Leafroll virus. Secondary symptoms from tuberborne
(Courtesy R. Salzmann and E. R. Keller) infection. (Courtesy E. R. French)

57. Leafrollvnrus symptoms. Margmal and |ntervemalch|orosvs 58. Rugose mosalc Veinal necrosls and necrotlc spottlng of
in andigena type potato. (Courtesy R. A. C. Jones) leaves.
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§9. Rugose mosaic. Mosaic mottle.
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60. Rugose mosaic. Leaf drop and rugosity.
(Courtesy J. Bryan)
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61. Potato virus X. Mosaic mottle of this type is
indistinguishable from that of other viruses such as PVY,
PVM, PVS, etc. (Courtesy C. Fribourg)

R

64. Andean potato mottie virus. Secondary symptoms of
severe patchy mottle and leaf deformation in the Peruvian
cultivar, Revolucion. (Courtesy C. E. Fribourg)

63. Potato virus M. Early symptoms.

65. Andean potato latent virus. Symptoms in Peruvian cultivar, 66. Mop-top virus. Secondary leaf
Mi Peru. (Courtesy C. E. Fribourg) symptoms. (Courtesy L. Salazar)
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87. Mop-top virus. Primary tuber

68. Mop-top virus. Secondary tuber symptoms (left) and
symptoms. (Courtesy R. A. C. Jones) healthy tuber (right). (Courtesy R. A. C. Jones)

69. Tobacco rattle virus. Symptoms in Isaves. (Courtesy D. P.
Weingartner)

70. Tobacco rattle virus. Symptoms on tuber. (Courtesy D. P.
Weingartner)

71. Potato yellow dwarf virus. (Courtesy S. Slack)
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73. Tobacco ringspot virus, (Andean potato calico). Early
symptoms in Peruvian cultivar, Tichahuasi. (Courtesy C. E.
Fribourg)
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76. Tomato spotted wilt virus. Symptoms in potato leaves.
{Courtesy E. R. French)
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77. Aster yellows mycoplasma symptoms. Rolling and
pigmentation in upper leaves.

78. Aerial tuber in axils of
leaves of plant with aster
yellows mycoplasma symp-
toms. (Courtesy International
Potato Center)
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79. Hair sprouts from tuber infected with aster yellows 80. Psyllid yellows. Result from toxins introduced during
mycoplasma (left) and sprouts from healthy tuber (right). feeding by nymphs of the potato psyllid. (Courtesy E. Nelson)
(Courtesy L. J. Turkensteen)
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81. Cysts of the golden nematode, 82. Cysts of the nematode, Globodera
Globodera rostochiensis, golden pallida, white or cream colored before
yellow before turning brown. (Courtesy turning brown. (Courtesy International ’
International Potato Center) Potato Center) .
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83. Lesion nematode (Pratylenchus penetrans). Damage on 84. Buckthorn aphid (Aphis nasturtii). (Courtesy M. E.
tubers of Katahdin variety. (Courtesy W. F. Mai, B. B. Brodie, M. MacGillivray)
B. Harrison, and P. Jatala)

85. Common potato aphid (Macrosiphum euphorbiae). 86. Foxglove aphid (Aulacorthum solani). (Courtesy M. E.
(Courtesy M. E. MacGillivray) MacGillivray)

87. Green peach aphid (Myzus persicas). (Courtesy M. E.
MacGillivray)
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Symptoms

Small, localized, light brown, circular spots with indistinct
borders frequently enlarge to cover a considerable area of the
tuber. Affected areas have a distinet silvery sheen, particularly if
the surfaceis wet (Plate 42). The color may deepen withage. Ha
large percentage of the surface is affected, tubers may shrivel
during storage from excessive moisture loss. Red skinned varie-
ties may lose their color.

Black dot and silver scurf produce similar blemishes on the
tuber surface and may occur together. Margins of voung silver
scurf lesions are more definite and frequently have a sooty
appearance caused by conidiophores and conidia. Silver scurf
lesions do not have sclerotia.

Causal Organism

Helminthosporium solani Dur. & Mont. (syn. Spondvio-
cladium atrovirens Harz.) has a hyaline mycelium that is
septate, branched, and turns brown with age. Unbranched
conidiophores are septate, with the conidia borne in whorls
from the distal ends of the eells (Fig. 61). Sporesare 7-8 X 18-64
um, have up to cight septa, and are dark brown, rounded at the
base, and pointed at the ends.

Disease Cycle

Transnussion of the fungus is largely from infected seed
picces: soil transmission may also oceur 1o a lesser extent.
Infection takes place through the lenticels and periderm before
tubers are dug, with intereellular and intracellular mycelium
developing only in the periderm layer.

Epidemiology

High humidity is necessary for disease development. The
longer mature tubers remain in the soil, the more severe the
problem becomes. Minimum conditions for infection are 3°C
and 907 rh. Discase continues to increase in storage, and
further infection may develop if the tubers are kept at high
relative humidity and temperature. Sporulation is more abun-
dant on young lesions than on old ones.

Some vartietics may be more susceptible than others,

Other Hosts
1. solani has never been found on any other host and only
infects the tubers of potatoes.

Control
1) Use disease-free sced. Treat seed with benomyl.

Fig. 61. Helminthosporium solani: A, conidiophores and conidia;
B, conidia from tubers infected with silver scurf. Bar represents
20um. (A, Drawing from Taubenhaus, J. J. 1916. A contribution to
our knowledge of silver scurf (Spondylocladium atrovirens Harz)
of the potato. New York Bot. Gard. Memoirs 6:549-560.)

2) Harvest the tubers as soon as they are mature.

3) Ventilate storage area with warm air for drying, and store
tubers at a low temperature consistent with wound healing and
avoidance of other storage discases.
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Black Dot

The pathogen is common in many areas of the world, but the
relative importance of the disease has not been well
documented.

Symptoms

Black dot describes abundant, dotlike, black sclerotia on
tubers, stolons, roots, and stems above and below ground (Fig.
62A, Plate 43). Symptoms vary from belowground rot of roots,
stems, and stolons to aboveground yellowing and wilting of
foliage. Foliage symptoms, which first occur at plantapices and
later at mid and basal regions, may be confused with those of
other wilt pathogens (c.g.. Verticillium and Fusarium spp.).
Lesions on belowground stems and stolons may also resemble
Rhizoctonia discase of potato. Severe invasion of cortical tissue
causes sloughing of the periderm. Following removal from the
soil, roots may have a “stringy™ appearance from decortication.
As stems dry, cortical tissue is casily scaled away, an amethyst
color is common inside the vasuclar cylinder, and sclerotia on
stems develop abundantly externally and internally. With high
relative humidity, the development of setie is inhibited.

Severe rotting of belowground plant parts and early death of
the plant cause reduction in tuber size. At digging, picees of
dried stolons, with or without sclerotia, frequently adhere to the
tubers. Stolons may be severed at any stage of tuber develop-
ment, with the lesion usually 15-45 mm from the tuber. Sclero-
tia may develop on the upper surface of tubers and, in storage,
grayish areas on tubers may closely resemble silver scurf,

Causal Organism

Colletotrichum atramentarium (Berk. & Br.) Taub. (syn. C.
coccodes (Wallr.) Hughes) appears on a variety of media,
including potato-dextrose agar, as a white, superficial
mycelium. Sclerotia, 100 um to 0.5 mm in diameter, are
arranged in concentric rings and have acervuli that produce
numerous spores and setae (Fig. 46B-D). Sctae vary in length
from 80 10 350 um, are septate, and arc pointed at the tip.
Conidiophores develop free or in palisade layers and are sub-
hyaline, 10-30 um long, cylindrical, and tapering to slightly
clavate. Spores en masse appear yellow to pink depending on
media pH, are hyaline, 1-3 guttulate, attenuated at the basal
end, round at the apical end, and 17.5-22 X 3.0-7.5 um in size.

Histopathology

Mycelium and sclerotia are commonly associated with cor-
tical and vascular tissue below the ground and at the base of the
aboveground stem within several centimeters of the soil line. In
certain instances, however, mycelium grows rapidly up the
vascular eylinder of stems into leaves, even invading trichomes,
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Fig. 62. Biack dot: A, on potato root; B, portion of typical
Collstotrichum atramentarium colony growing on nutrient Na-
polygalacturonic acid medium; C, cross section of acervulus
showing setae and conidia arising from acervulus: D, spores
approximately 3.8 X 17.5 um. (Courtesy J. R. Davis)
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Epidemiology

Overwintering is by sclerotia on the surface of tubers or in
plant debris in the field. The pathogen does not appear to be an
active soilinhabitant, but it may survive in soil for long periods.
C. atramentarium, generally regarded as a low grade pathogen
that attacks under conditions of stress, commonly acts in com-
bination with one or more additional pathogens, making its
relative importance difficult to determine. Black dot is most
frequently associated with light sandy soils, low nitrogen, high
temperatures, and poor soil drainage.

Because C. atrramentarium is elusive and lack of recognition is
frequent, very little work on disease control has been done.

Other Hosts

In additional to potato, the fungus occurs on tomato and
other plants in the Solanaceae (eggplant, pepper, tomato), on
weed hosts such as Physalis peruviana, and, with incculum
increase, on Datura stramonium, a common weed.,

Control

1) Clean seed, crop rotation, adequate fertility, and good
irrigation management are commonly recommended.

2) No known potato cultivar offers resistance.

Selected References

DAVIS, J. R.,and M. N. HOWARD. 1976. Presence of Colletotrichum
atramentarium in Idaho and relation to Verticillium wilt
(Verticillium dahliae). Am. Potato J. 53:397-198.

DICKSON, B. T. 1926. The “black dot™ disease of potato. Phyto-
pathology 16:23-41.

HARRISON, D. E. 1963. Black dot discase of potato. J. Agric. Victoria
61:573-576.

McINTYRE, G. A.,and C. RUSANOWSKI. 1975, Scanning clectron
microscope observations of the development of sporophores of
Colletotrichum atramentarium (B. et Br.) Taub. on infected potato
periderm. Am. Potato J. 52:269-275,

STEVENSON, W. R,, R. J. GREEN, and G. B. BERGESON. 1976.
Occurrence and control of potato black dot root rot in Indiana.
Plant Dis. Rep. 60:248-251.

THIRUMALACHAR, M. J. 1967. Pathogenicity of Colletotrichum
atramentariunm on some potato varicties, Am. Potato J. 44:241-244,

(Prepared by J. R. Davis)

Charcoal Rot

The fungus is worldwide but economically important onlyin
warn regions where soil temperatures exceed 28° C.

Symptoms

Under hot conditions, the pathogen can attack potato stems
and cause a sudden wilt and yellowing. Stem infection is not
usually important. More important is tuber attack, which may
occur before harvest and in storage, causing loss of the entire
crop. Early symptoms develop around the cyes, near lenticels
(particularly those that have enlarged), and frequently at the
stolon aitachment. The skin appears unaffected at first, with
underlying tissue, usually that within 1 ¢cm of the surface,
becoming slightly water-soaked and light gray. Cavities filled
with black mycelium and sclerotia form later. Rapidly invaded
tubers, when cut, exhibit semiwatery, flabby breakdown, with
color changing from yellowish (Plate 44) to pinkish to brown
and finally to black. Wet rot may later develop from secondary
invaders.

Causal Organism

Tre pathogen is Macrophomina phaseoli (Maubl.) Ashby
(syn. M. phaseolina (Tassi) Goid., Sclerotium bataticola Taub.).
Sclerotia within roots, stems, lcaves, or fruits are black, smooth,
hard, and 0.1-1 mm in diameter, They arc smaller in culture.
Pycnidia, dark brown on leaves and stems, are 100~200 umin
diameter.  Single-celled conidia are hyaline, ellipsoid to



obovoid, and 14-30 X 5-10 um. Pycnidia production in culture
is rare except on propylence oxide sterilized leaf tissue in agar,

Epidemiology

The fungus maiatains itself saprophytically on unthrifty or
senescent plant parts and survives unfavorable periods as micro-
sclerotia. Pycnidiospores are relatively short-lived, Tubers are
infected through wounds, eyes, enlarged lenticels, and the
stolon.

Tubers are predisposed to infection at temperatures of 32°C
or higher. Rot development is restricted at low temperatures,
slow at 20-25°C, and most rapid at 36°C and above. No
secondary spread is apparent during storage, but infected tubers
rotin warm storage. Rotstops in refrigerated storage, but when
tubers are returned to warm temperature, the rot continues.
Thus, seed from cold storage should be warmed before being
planted so that infected tubers may be removed.

Mostcommercial cultivars are equally susceptible, Resistance
exists in certain Solanum chacoense clones, in some of its
hybrids, and in hybrids of the series Commersoniana.

Other Hosts
The fungus has been found on underground parts of an
extremely wide range of plants, both cultivated and wild.

Control

1) Harvest early, before soil temperatures become high,

2) Avoid bruising and wounding of tubers in harvest and
postharvest handling.

3) Field irrigation may be useful to prevent excessive soil
temperature.

4) Do not leave tubers in soil after plants have matured.

5) Do not harvest during periods in which soil temperatures
exceed 28°C.

6) Do not store tubers at high temperatures,

7) Do not usc seed originating from areas where the disease is
frequent,
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Gangrene

The pathogen Phoma exigua var, foveata was first described
in 1940 and is now prevalent in ‘most northern European
countriesand parts of Australia. P. exigua var. exigua occursin
most European countries, Russia, the United States, Canada,
and Australasia.

Symptoms
Small dark depressions develop in the tuber skin, usually at

wounds, eyes, or lenticels, and may enlarge to form *“thumb-
mark” or larger, irregularly shaped, sharp-edged lesions, the
surface area of which is often unrelated to rot depth. Internally,
diseased tissue is well defined. Rots caused by Phoma exigua
var. foveara are usually extensive and dark brown or purplish
(Plate 45), with variously shaped cavities: those caused by P.
exigua var. exigua are smaller, become restricted, and are usually
black with small cavities. Pycnidia may form singly orin clusters
on lesions or in the mycelium that lines cavities. Infrequently,
lesions may be only of skin thickness, becoming extensive, dark,
and irregularly shaped; this condition is termed skin necrosis,

Causal Organism

Either of two varieties of Phoma exigua Desm. may cause
gangrene. The principal cause is P. exigua var. foveara ( Foister)
Boerema (syn. P. foveata Foister; P. solanicola f. Jfoveata
(Foister) Malcolmson; P. exigua Desm. {. sp. foveata (Foister)
Malcoimson & Gray). The more ubiquitous but weaker parasite
is P. exigua Desm. var. exigua (syn. P. solanicola Prillicux &
Delucroix; P. tuberosa Melhus, Rosenbaum, and Schultz; P.
exigua Desm. f, sp. exigua Malcolmson and Gray).

The two fungi have similar morphological characteristics.
Pycnidia are usually globoid (90-200 um) and dark brown to
black. Initially subepidermal, thcy become erumpent and
extrude hyaline, nonseptate, cylindrical pycnidiospores (4-5
X 2=3 um). In culture on 2% malt agar, P. exigua var. foveata
(having nonzonate colonies) is readilv distinguished from P,
exigua- var. exigua (having zonate colonies) (Fig. 63) by its
production of anthraguinone pigments that turn red within
seconds on exposure to ammonia vapor.

Disease Cycle

Infected orcontininated seed tubers produce diseased stems,
in which infection remains latent during the growing season
unless the stems become moribund. Pycnidia appearin sporadic
groups, usually associated with nodes, as stems begin to senesce
cither naturally or through chemical desiccation. Raindrops
wash pycnidiospores into the soil and spread inoculum to
neighboring plants. Rots in mother tubers usually continue
active in the soil, produce pycnidia, and constitute another
important source of inoculum for tubers at harvest. Before
harvest, tuber infection may occur through eyes and
proliferated lenticels, usually when soil moisture is high. Most
gangrene, however, develops after harvest through damage to
the tuber skin. Wounding introduces infection from contam-
inated soil on the tuber surface or stimulates development of the
fungus already latent in the periderm. Wound infection may
occur at lifting, grading, or at any time during handling,

Fig. 63. Gangrene. Distinguishing characteristics: A, Phoma
exigua var. exigua, zonate culture; B, Phoma exigua var. foveata,
nonzonate culture, on malt agar. (Courtesy C. Logan:; photo-
graphs by G. Little)
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Epidemiology

In the United Kingdom, higher thian average soil temperatures
(20-24°C) during crop growth keep P. exigua var, foveata
inoculum levels low. However, wet soil conditions, night frosts,
or low day temperatures (less than 12° C) around harvest time
and low storage temperatures (2-10°C) following lifting,
grading, or handling all increase gangrene incidence. Delays in
haulm destruction of seed crops or in harvest of both seed and
market crops encourage inoculum buildup in the soil. In field
soils in the absence of a potato host. P exigua var, foveata
usually becomes undetectable by present isolation or baiting
techniques after 18 months, whereas P. exigua var. exigua is
detectable in most soils.

Otirer Hosts

P. exigua var. exigua occurs on various parts of a wide range
of plants. . exigua var. foveata oceurs mostly on potato but has
occasionally been found on weed species growing in potato
tields.

Control

1) Avoid highly susceptible cultivars, damage to the tuber
skin, and cxposure to low temperatures, especially after
damage.

2) Burn vines and harvest tubers as soon as practical. Hold
tubers at 18-20° C for one week to permit wound healing.

J) Disinfeet tubers with organic mercury dips (where permit-
ted), by fumigation with 2-aminobutane, or by mist sprays of
thiabendazole within three weeks of harvest.
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Fig. 65. A, Fusarium seed piece decay after two weeks at 13°C, sho

Fusarium Dry Rots

Fusarium dry rots are found on potatoes worldwide,

Symptoms

This disease affects tubersin storage and planted seed tubers.

After about one month of storage, tuber lesions at wounds are
visible as small brown areas. Infection slowly enlarges, and
periderm over the lesion sinks and wrinkles, sometimes in con-
centric rings, as the dead tissues dry out (Fig. 64). Fungus
pustules containing mycelia and spores may emerge from the
dead periderm. Rotted tubers shrivel and become mummified
(Plate 46).

Internal necrotic areas are shades of brown from fawn to dark
chocolate. with the advancing margin faint for lighter shades
and distinet for darker shades. Older dead tissues assume a
variety of colors, develop cuvities lined with myeelia and spores,
and are dry and punky in texture (Plate 47).

When relative humidity in storage is saturated or
approaching saturation, Erwinia spp. are frequently secondary

Fig. 64. Fusarium dry rot wound infection from storage. Note
periderm wrinkling over rotted tissue and internal cavity.
(Courtesy L. W. Nielsen)

wing pits on cut surfaces and mycelium growing in pits. B, Periderm

removed from surfaces exposes rot from several infections. Comparative plant growth from healthy seed piece (C) and Fusarium decayed

seed pieces (D and E). (Courtesy L. W. Nieisen)
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invaders through the Fusarium lesions and rapidly rot the re-
mainder of the tuber. Suspended bacteria and juices exuded
from the soft rot endanger surrounding tubers.

Whole-tuber seed becomes infected through wounds during
storage or preparation for planting, The cut surfaces of large
seed tubers are major infection courts, [n stored seed tubers,
brown to black flecks appear on the cut surface in about one
week and depressions or pits form in two weeks (Fig. 65A and B).
Mycelia often grow on the depressed surfaces, and under humid
conditions, depressions may become slimy and black from
bacterial growth. Soft rotting bacteria may also invade through
the Fusarium lesions and aceelerate decay. With numerous
cut-surface infections, lesions coalesce: the seed piece rots from
the surface inward: and buds (eves) are destroved as decay
progresses.

In the field, the shriveling of infected seed tube; s and pitting
of infected picces may not he evident. The surface over the
lesions is brown, and the underlying necrotic tissues have fewer
cavitics. Necrotic tissue may attract soil insects and larvae such
as the seed-corn maggot, which isa vector of Erwinia species. In
wet soils, these species often enter as secondary pathogens.
Fusaritm spp. alone or in conjunction with Erwinia spp.
partially or completely destroy the seed piece, resulting in
extreme vartability in plant size and many missing plants (Fig.
65D and E). Often single sprouts emerge; these are small, grow
slowly. produce few marketable tubers, and have a high
incidence of blackleg.

Causal Organisms

Fusarium solani (Mart.) App. & Wr. emend Snyd. & Hans,
‘Cocruleum’and F. roseum (1.X.) Snvd. & Hans. ‘Sambucinum’
are most frequently implicated in seed piece decay. In some
regions one species is dominant over the other, nut both are
often associated with a seed stock. F. sofani is most frequently
encountered and is the more aggressive pathogen. Both grow
and are maintained on potato-dextrose agar, and the acidilied
medium facilitates their isolation when bacteria are present. /7
roseum grows more rapidly, forming a thin, white myeelial mat
and abundant pink to salmon spores. The slower growing £
solani forms a denser, white myeelial mat that exhibits a purple
pigment with age (Plate 48). £ solani sporulates in culture more
sparscly than doces I roserm (Fig. 66). The optimum tempera-
ture for growth in culture is 20-25°C and for infection,
10-20°C.

F.rosewmn *Avenaceum® also causes a dry rot of potatoes, but
less frequently than the other species do.

Histopathology

Fusarium spp. cannot infect intact tuber periderm or
lenticels. Cuts and periderm-breaking wounds incident to har-
vesting, storage, grading, and transport are the major infection
courts. Wounds from insect and rodent feeding and frost are
sometimes infected. The Fusaria canalso invade surface lesions
of powdery scab, late blight, mop top virus, and possibly other
discases.

Hyphac are at first intereellular, becoming intracellular in
dead cells. In spreading lesions, hyphae may be sparse in inter-
cellular spaces, with host cells +iowing little reaction to the
fungus. Toward the center of the lesion, less starch is present,
and the mycelium, usually abundant, may be confined to the
intercellular spaces by suberin deposited in host cell walls and
intercellular spaces. In susceptible tissue, starch hydrolysis and
suberin deposition are lacking. Small lesions restricted near the
site of infection may be underlaid by a continuous layer of
wound meristem cells with suberin deposition. With other
isolates, hyphae kill and penetrate cells within two cells of
normal-appearing tissue. Details of the reaction depend on the
pathogen, the resistance of the tuber, and the part of the lesion
examined.

Disease Cycle
Fusarium spp. can survive for several years in field soil, but

the primary inoculum is generally borne on seed tuber surfaces.
Surfaceborne propagules contaminate containers and equip-
ment used in handling or storing potatoes and enter wounds
incident to handling seed tubers. infected seed tubers and pieces
decay and infest the soil thavadheres to the surfaces of harvested
tubers.

Epidemiology

Tubers of potato cultivars differ in susceptibility to F. solani
and F. roseum, but none tested was immune to either pathogen.
Certain cultivars are tolerant to both.

Tubers are tolerant to infection when harvested.
Susceptibility increases during storage and reaches its maxi-
murnin early spring about planting time.

Wound healing can reduce infection. Deposition of suberinin
the cell walls does not prevent infection, but wound periderm
does. Wound periderm forms in three to four days at approxi-
mately 21°C with adequate acration and humidity but more
slowly at lower temperatures. At 15°C, near optimum for
infection, a period of approximately eight days is required to
form periderm; wound healing is not effective at this cr lower
temperatures,

Dry rot develops most rapidly in high relative humidityand at
15-20° C. Relative humidities about 70% do not alter rot devel-
opment, but lower numidities retard infection and disease
development. Disease development continues at the coldest
temperatures safe for potatoes.

If the soil temperature and moisture are suitable for rapid
sprout growth and emergence, sced tuber or piece decay after
planting may be of little consequence. Conditioning seed tubers
from cold storage at 20-25° C for one week before cutting pieces
reduces decay and accelerates sprout growth. Holding contam-
inated cut seed several days or weeks before planting or planting
in soils too cold or dry for prompt sprout emergence and plant
growth will accentuate losses. Excessively wet soils after
planting increase secondary infection by Erwinia spp.

Other Hosts

F. soluni isolates from Colocasia corms can infect potato
tubers. Generally, tuber-rotting Fusaria do not infect other
plants or plant organs.

Resistance

Differences in resistance exist among potato cultivars. Rela-
tive ranking of resistance is influenced by the Fusarium sp. used
for inoculation. Seed lots infected with potato virus X are
relatively more resistant than those free from the virus when
harvested within threc weeks of top kill.

Control

1) For storage and sced purposes, harvest tubers from dead
vines.

2) Use all precautions with machinery and equipment to

Fig. 66. fFusarium solani from culture with many macroconidia
and a single microconidium in center. (x950) (Courtesy P. E.
Nelson)
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prevent wounding during harvest and storage.

3) Provide high humidity and good ventilation ecarly in
storage to facilitate wound healing, and provide aeration during
storage.

4) Seed tubers may be treated with a fungicide, dust, or liquid
spray before storage.

5) Do not move stored tubers unti] they are ready for
planting.

6) Warmseed tubers from cold storage to 20-25° C for a we: 'k
before planting or cutting pieces.

7) Plant seed immediately after cutting in soils sufficiently
warm and moist to promote prompt sprout growth and good
wound healing,

8) Spray or dip seed tubers with fungicide suspensions or
treat pieces with 7-89 fungicidal dusts.

9) Handle treated seed with noncontaminated containers and
equipment.
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Fusarium Wilts

Thesc discases are widespread and most severe where
potatoes arc grown at relatively high temperatures or when
seasons are hot and dry.

Symptoms

Several Fusarium pathogens cause essentially similar symp-
toms. Tubers exhibit surface blemishes and decay, including
stem end browning and decay at the stolon attachment, and
internal vascular discoloration that severely impairs market
quality because such tubers cannot be removed during grading.

On vines, symptoms include cortical decay of roots and lower
stems; vascular discoloration or rot in the lower stem; wilting;
chlorosis, yellowing, or bronzing of foliage; rosetting and
purpling of aerial parts; acrial tubers in leaf axils; and premature
death of the plant. Additional symptoms vary with the pathogen
involved and the environment.

Eumartii Wilt. Generally the most important and severe, this
wilt becomes apparent toward the end of the growing season.
The first symptom is yellowing between the veins of the youngest
leaves, producing islands of green against a chlorotic back-
ground (Plate 49). Chlorotic arcas later become necrotic. Af-
fected leaves become yellowish bronze, wilt, dry, and hang on
the stem, which eventually dies. Rolling and rosetting occur
under moist conditions. Leaf discoloration and death may be
most severe on onc side of the stem or on stems on one side of the
plant. Internally, the pith is often discolored at the nodes (Fig.
67A), even in those near the stem tip. Vascular tissues of the
stem and leaf petioles are deep brown. The underground stem
does not rot until later stages of disease.

Tubers are sunken at the stolon attachment, with brown

Fig. 67. Fusarium eumartii: A, pith necrosis (arrow) in stem; B and D, necrosis at stoion attachment; C, discoloration at eyes; E andF,
internal vascular discoloration; G, water-soaked and firm vascular tissue.
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necrosis extending into the tuber to various depths (Fig.
67B-G). Firm, brown circular lesions (up to 2.5emindiameter)
may be present elsewhere on the tuber surface. In transverse
section at the stem end, slight to severe vascular browning 1s
evident, and the vascular ring may have a few thick, black
strands (up to 1 mm in diameter® or more numerous, smaller
brown to tan, netlike strands in the vascular ring. Highly
diagnostic, but not present in every tuber. is a water-soaked,
firm, light brown to tan discoloration extending 3-5 mm on
either side of the vascular ring. This discolored area is firm, does
not produce exudate as in bacterial ring rot or brown rot, and
usually shows little tendency to break down with seconda ry rots,
Vascular necrosis extending into the eyes may cause cyes to be
brown and necrotic.

Oxysporum Wil Usually milder than eumartii wilt, this
disease is a typical vascular wilt in contrast to thc other
Fusarium wilts described here, which are more nearly cortical
rots. Symptoms appear during the middle of the growing
season; wilt is rapid, giving the impression that the lower stem
has been cut off: and the plant is prematurely killed. Yellowing
begins at the lower leaves and progresses up the plant. Vascular
discoloration of the stem is confined to portions below or
slightly above the soil line. Tubers generally show discoloration
of the vascular strands and usually no stem end rot.

Tuber infection through wounds or possibly lenticels causes
circularlesionsand a diy rotin storage. This condition has been
associated with high humidity and temperature.

Avenaceum Wili. This disease is comparable in severity to
oxysporum wilt and generally less severe than cumartii wilt, It
develops from mid to late season, Symptoms may be more
severe on one side of the plant. Wilting and rapid collapse of the
plant arc common in hot, dry weather. A different response,
possibly when growing conditions are more favorable, consists
of chlorosis at bases of apical leaves, followed by general
bunching of leaflets, chlorosis of the plant beginning at the base,
shortening of internodes, carbohydrate accumulation in
aboveground portions of the plant, red or purple pigmentation,
and aerial tubers in leaf axils. The plant resembles those affected
by mycoplasma or psyllid yellows. However, vascular
discoloration may be seen in the lower portion of the stem up to
six inches above the soil. Tip burn and loss of lower leaves is
common. Early season infection produces severely dwarfed
plants similar to those with yellow dwarf disease.

Tubers show dry stem end rot and vascular tissue that is
discolored brown, lacks the water-soaked border of cumartii
but is characteristically dry, and may be gray to pink.

F. solani Wili. This wilt is distinct from cumartii wilt. It is
characterized by rotting of the root system, the stem pith, and
the lower and underground stem, with dry shredding of the
strands of woody tissue, and wilting and yellowing of foliage, In
moist conditions rosetting of tops and acrial tubers appear.

Tuber infection follows wound infection and differs from
other wilts in lacking typical vascular discoloration. Neither
stolons nor tubers are directly infected from the parent plant,

Causal Organisms

Taxonomy of genus Fusarium is complex. Species designa-
tions used here are those used in disease discriptions. Designa-
tion of specics by the system of Sryder and Hansen is given in
synonyms.

The four pathogens associated with the Fusarium wilts are: F.
eumartii Carp. (syn. F. solani f. sp. eumartii (Carp.) Snyd. &
Hans.): F. oxysporum Schl, (syn. F. oxysporum Schl. f, sp,
tuberosi (Wr.) Snyd. & Hans.); F. avenaceum (Fr.) Sacc. (syn.
F.roseum (Lk.) Snyd. & Hans.); and F, solani {(Mart.) App. &
Wr. (syn. F. solani f. sp. eumartii (Carp.) Snyd. & Hans.),

Descriptions on the basis of spore characteristics will not be
attempted because of the well known variability of Fusarium as
influenced by environmental factors.

Isolations of F. eumartiii are readily obtained from roots and
less readily from stems. Discolored tissue from upper stems and
tuber apices is sterile. Isolation from stored tubers is difficult.

Tissue discoloration develops in advance of the fungus and is
apparently associated with toxic substances.

F.oxysporum is easily isolated from roots and lower stems
and, with difficulty, from stored tubers. Wilting is, in part, due
to toxins.

F. avenaceum is successfully isolated from vascular
discolorcd stem tissue below or close to the soil line and from
discolored vascular tuber tissue.

F. solani is readily isolated from discolored stem tissue.

Histopathology

Diseases caused by the four wilt fungi are essentially similar,
Root tips, following infection from the soil, become water-
soaked. Epidermal cells of young roots are invaded. Cell walls
become sc iened and swollen, and cortical necrosis follows.
Xylem of roots and stems is invaded; vessels become plugged
with granular material; and surrounding cells of outer phloem
and cortex break down in ways varying with the particular
pathogen involved.

Discase Cycle

Fusarium wilts are typically soilborne, and the disease is
transmitted with varying degrees of effectiveness from inoculum
within and on seed tubers.

F. eumariii survives in field soil for long periods without
noticeable reduction in pathogenicity when potatoes are again
planted in the field. Because of this discase, many fields have
been abandoned for potato production. The other wilt
organisms may be shorter-lived in the absence of potatoes, but
evidence is lacking,

Planting potatoes in artificially infested soil or placing
inoculum on freshly cut seed efficiently establishes the disease.,
Infection is through roots into the stem and, except for F. solani,
from the stem through the stolon into the developing tubers,

Infected seed pieces with stem end rot transmit discase to the
new plant, more efficiently with cumartii than with oxysporum.
Inoculum is introduced into new fields primarily through the
planting of infected sced tubers. Continual potato production,
particularly replanting infected tubers, accelerates inoculum
buildup. Inoculum is dispersed from infested fields by surface
drainage water, windblown soil, soil carried on implements, etc.

Epidemiology

Wilts are most severe at high temperatures and particularly
when plants are under stress in dry, hot growing conditions.
Although evidence is lacking, the rosette symptom with aerial
tubers probably follows increased availability of water and
somewhat cooler temperatures.

F. eumartii is capable of infection at lower soil temperatures
(20 and 24° C), whereas F. oxysporum and F, avenaceum are
more pathogenic at 28° C. F. solaniin culture can grow at 35° C
but grows most rapidly at 30°C.

Other Hosts

The cultivated potato is the only known natural host for the
several Fusarium spp. causing wilt of the crop. Morphologically
similar pathogens attack plants of widely divergent types.
Species differentiation has been based on pathogenicity specific
to a particular plant species. Several Solanum spp. related to
potato have been experimentally infected with F. eumariii,

Resistance

Minor differences in resistance within S. tuberosum are
known, but identified resistance is not sufficiently high to be of
general use. S. spegazzinii, S. acaule, and S, kurtzianum seed-
lings carry considerable resistance to root infection by F.
eumartii in infested soil.

Control

1) Grow potatoes in land free from wilt fungi.

2) Tubers infected with Fusarium wilt should not be used for
seed.
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3) Avoid contamination of clean fields by inoculum transfer
through infested soil or diseased tubers and plant refuse.
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Fig. 68. A, Verticillium vascular discoloration in tuber. B,
Verticillium albo-atrum in culture: a, *-ater droplets surrounding
conidia on tips of conidiophores; b, a single conidium (bar
represents 50 um). C, Conidia from culture; D, fungus mycelium
in discolored xylem of tuber tissue (bar represents 10 um).
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Verticillium Wilt

The disease apparently occurs wherever potatoes are grown,
although it may be confused with other diseases that cause early
maturity.

Symptoms

Verticillium wilt causes early senescence of plants. Leaves,
which become pale green or yellow and die prematurely, are
described as “early dying" or having “early maturity.”

During the erowing season, plants may lose their turgor and
wilt, especially on hot, sunny days (Plate 50). Single stems or
leaves on one side of the stem may wilt first. Vascular tissue of
stems becomes a light brown, best observed if the stem is severed
atabout ground level with a long slanting cut. Externally visible
necrotic stem streaking occurs in certain cultivars when soil
moisture and fertility are high,

Tubers from infected plants, but not necessarily all tubers,
usually develop a light brown discoloration in the vascular ring
(Plate 51, Fig. 68A); severe vascular discoloration may extend
over halfway through the tuber. Cavities may develop inside
severely affected tubers. Pinkish or tan discoloration (see pink
eye) may develop around theeyesorasirregular blotches on the
surface of affected tubers. This may be confused with mild late
blight infection.

Causal Organisms

Verticillium albo-atrum Reinke & Berth. develops septate,
resting dark mycelium on stems in the field and also in culture,
in contrast to V. dahliee Kleb., which forms dark myeelial
strands with black, thick-walled pseudosclerotia (Fig. 69), also
called microsclerotia, 30-60 um in diameter. Vegetative hyphae
of both are similar (2-4 pm in diameter and colorless). Conidio-
phores are septate with side branches (Fig, 68B), swollen at the
base, and arranged ina whorl, First-formed conidia of 1, alho-
atrum pre 12 X 2.5-3 um. Those of V. daltliae are 3-5.5 X
[.5-2 um. Conidia produced later, particularly those in culture,
may be considerably smaller, 3-6 X 2-3 ym. Conidia are usually
single celled but may be one-septate (Fig. 68C and D).

Both types may be present within a single potato plant,

Disease Cycle

Infection is through root hairs, wounds (including those at
points of emergence of adventitious roots), and through sprout
and leaf surfaces. Hyphae progress intracellularly and
intercellularly to the xylem (Fig. 68D). Transport of conidia
within vessels of potato is probable. Conidia are short-lived and

A

Fig. 89. Verticillium isolates from potato. A, Dark mycelial type in
one-month ruiture, at X100 and X375 approximately. B, Pseudo-
sclerotialisolate in cne-month culture, X175 and ¥ 200. (Courtesy
D. B. Robinson et a. 1957)



do not survive drying.

Both spzcies are poor competitors and survive poorly in soil
in the absence of suitable hosts. Infectious propagules of dark
mycelium and pseudosclerotia are usually relatively short-lived,
butsurvival timeis influenced by soil type and is severely limited
by anaerobic soil conditions. Infectious propagules germinate
and produce conidia within hours.

Epidemiology

V. albo-atrunt generally appers to be more pathogenic than V,
dahliae. Warm soil temperatures (22-27° C) favor growth of V.
daliae. V. albo-atrum is relatively more pathogenic at lower
temperatures; its range is 16-27°C. Crop rotation affects th
buildup of soil inoculum, and three-year rotations have cffec-
tively reduced soilborne inoculum. Inoculum is reduced when
cereals, grasses, and legumes are included in the rotation. When
potatoes are grown several years in succession or in rotation
with susceptible crops, inoculum increases in the soil. Other
factors that favor incidence and severity of Verticillium wilt
include planting highly susceptible cultivars such as Kennebec,
discontinuation of the practice of burning potato tops, and a
reduction in the formerly common practice of chemical
treatment of seed potatoes.

Inoculum in field soil or in soil adhering to the surface of
potato tubers is more important in initiating wilt symptoms
thanis inoculum from seed tubers with vascular discoloration,
Paradoxically, seed tubers with vascular discoloration often
produce plants as wilt-frec and as vigorous as those from
comparable seed tubers free from vascular discoloration.

Inoculum can be distributed long distances by contaminated
soil adhering to seed surfaces and from field to field by
contaminated cquipment or irrigation water. Inoculum may
also be airborne or spread from plant to plant by root contact.

Other Hosts

Isolations of Vo alho-atrum, which may have also included
Vo dahliae, have been made from a very wide range of dicotyle-
donous plants, hoth woody and herbaceous. Many of these were
symptomless. 1 daliliae infects over 50 species of plants in 23
families. Grasses and other monocots are nonhosts of hoth
species. Numerous common weeds are suscepts, including
Chenopodium album,  Capsella bursa-pastoris,  Taravacum
spp.. and Equisetum arvense.

Resistance

Varieties carrying different levels of resistance have been
identified within S. neberoswm ssp. tuberosum. Certain cultivars
react differently to varying conditions, including geographic
location, abundanze of inoculum, and type or strain of the
fungusinvolved, suggesting that pathogenic strains of the causal
agentexist. Even highest known levels of resistance break down
with high inoculum density in the soil. 8. ruberostm sSp.
andigena is reported to have wilt resistance.

Control

1) Seed tubers contaminated with infested soil should be
disinfested before being planted. Liquid seed treatments are
more cffective than dusts. Organic mercuries are very effective,
but their use is generally prohibited.

2) Rotate potatoes with cereals, grasses, or legumes. Avoid
rotation with highly susceptible solanaccous crops such as
cggplant and most tomato cultivars.

3) Do not plant susceptible cultivars,

4) Control weed suscepts.

5) Systemic fungicides (benomyl or thiophanate-methyl) and
nonsystemics (mancozeb, captan, or metiram) applied to seed
tubers are reported effective.

6) Scveral soil treatments show promise; sodium methyldi-
thiocarbamate, benomyl, and systemic insccticides (aldicarb,
acephate) have delayed symptoms and increased some yields.

7) Several nematodes increase incidence and severity of
Verticillium wilt. Soil fumigation with nematicides zlone (tri-

chloronitromethane or 1,3-dichloropropene and related com-
pounds) or with chemicals that control both fungi and
nematodes is effective.
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Thecaphora Smut

Thecaphora smut is found in northern Central America
{Mexico) and the northern regions of South America (Bolivia,
Chile, Colombia, Ecuador, Peru, and Venezuela). Loss up to
80% is known,

Symptoms

Usually no aboveground symptoms are found. Affected
tubers have warty swellings on the surface (Fig. 70A) and, when
sectioned, reveal dark brown, locular sori pervading the interior
(Fig. 71A and B, Plate 52). Galls resembling deformed tubers
formdirectly from infections on the sprouts, stems (Fig. 70B), or
stolons and, less [requently, on the tubers. Rootsare not known
to become infected.
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Causal Organism

Angiosorus solani (Barrus) Thirum. & O'Brien (syn.
Thecaphora solani Barrus) has locular sori, 1-1.2 mm in
diameter, that are surrounded by a periderm six to cight cells
deep and contain globose-ovoid spore balls 15-50 % 12-4( umin
diameter (Fig. 71C). Each spore ball has two to cight rust-
brown, subglobose to ungular spores, 7.5-20 X 8-18 umthatare
casily separable into free spores when teased. Spore balls develop
from sporiferous hyphae that form the locules and are pushed
outward to [ill the cavity.

Histopathology

Tumor growth, caused by hypertrophy of the outer phloem
and parenchyma of the stem and stolon, consists largely of
enlarged parenchymatous cells. The fungus is intercellular, 1.8
um in diameter, producing clamp connections and thick
branches. In the cambium, the fungus mycelium stimulates cell
proliferation.

Disease Cycle

Do .:ls are unknown. Spore germination has not been ob-
served. Smut is introduced by planting infected seed tubers: it
may also be carried in irrigation water and infected soil.

Epidemiology

Smut is favored by high soil moisture and possibly high soil
salinity. The planting of potatoes year after year increases
discase when the pathogen is present.

Spores are believed to be long-lived in the soil. Although the
discase was originally considered to he restricted to the Andes at
eievations of 2,500-3,000 m. it is now known to persistand to be
extremely serious in irrigated, sea-level desert terrain with high
temperatures, Once introduced, the fungus would probably
persist well in other potato-growing areas of the world.

Other Hosts
Infection develops on S. tuberosun ssp. tuberosum and ssp.
andigena. S. stoloniferum, and Datura stramonium.

Control

1) The most effective control is to use cultivars with known
resistance.

2) Planting smut-free seed is essential where the fungusisnot
present.

3) Long rotations reduce buildup of inoculum.

4) Datura stramonium becomes infected and should be
eliminated in fields used for potatoes,

5) Removal of all smutted galls from an infested ficld reduces
buildup of inoculum.

6) Strict quarantine, particularly of seed stock, should be

Fig. 70. Thecaphora smut: A, early infections on tuber; B, section
through gali on stem. (Courtesy D. Untiveros)
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exercised to avoid introduction into other potato-growing
areas,
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Common Rust

The disease occurs in restricted mountain valleys of the cool
highlands of Mexico, Costa Rica, Veneczuela, Colombia,
Ecuador, and Peru, and possibly in Bolivia and Brazil. In Peru,
it is usually on the eastern watershed of the Andes. Only in
Ecuador is it of economic importance. The disease is most
common at elevations of 3,000-4,300 ny, alth~ugh it occursin a
lower, warmer valley in Peru at an elevation of 2,700 m.

Symptoms

Round and occasionally elongate lesions usually develop on
the underside of leaves as minute greenish white spots, 3-4d mm
indianieter, although the longer axis of some oval lesions may
rcach 8 mm (Plate 53). Lesions later become cream with reddish
centers, then tomato red, and finally rusty red to coffee brown
(Fig. 72A). Achlorotic-necrotic halo may surround the lesions.
Pustules protrude 1-3 mm and are matched by corresponding
depressions on the upper side of the leaf. Defoliation results
when hundreds of pustules form on a leaf,

Elongated and irregular lesions also occur on petioles and
stems. Fruit and flowers are also affected.

Causal Organism

Puccinia pittieriana P. Henn., a short cycle (microcylic) rust,
produces teliospores and sporidia (Fig. 72B). Sori are
hypophyllous and gregarious. Teliospores are smooth, orange
to brown, two-celled, broadly ellipsoid, slightly constricted at
the septum, and 16-25 X 20-35 um. The pedicel is 60 X 6 um,
and the hyaline sporidia are 8-18 X 11-25 um.,

Disease Cycle

Initial inoculum, probably from wild hosts, is windborne. In
vitro, teliospores germinate in | hrto produce a promycelium,
which, at temperatures above 15°C, usually continues to grow
vegetatively. Below 15° C, most promyeelia (basidia) give rise to
four sporidia (basidiospores) in 3-24 hr. When detachced,
sporidia germinate immediately. First symptoms appear in
14-16 days on potato at temperatures of 16° C or below. Lesions
are fully grown in 20-25 days. Teliospores mature 30-40 days
after inoculation,

Epidemiology

Average temperatures around 10°C with 10-12 hr of free
moisture on lea/es are necessary for development and spread.
The appearance of two distinct lesion sizes (24 mm and 4-8 mm
in diameter) on a given variety and on different varicties sug-
gests the existence ¢f two races and two levels of susceptibility.
Lesion size may vary with Solanum spp. Epidemic development
may result in death of most plants and severe yicld depression.

Other Hosts .

Solanum demissum in Mexico is heavily infected. Tomato.,
the only othe: naturally infected host, is apparently more
susceptible than potato. In grecnhouse tests, S. caripense and
S. nigrum-americanum are susceptible.

Control
Several carbamate fungicide sprays are effective when applied

five times during the growing season at 14-day intervals at rates

recommended for other foliage fungi.

(See Selected References following next section.)

Deforming Rust

This discase has been reported primarily from Peru, on the
Pacific watershed range and at altitudes (2,378-3,172 m) over-
lapping tho.c o Sommon rust but generally somewhat lower.

Symptom:

Symptom. usually develop in mid to late growing season.
Aecia initials first appear on leaves as smooth swellings that
enlarge and rupture through the epidermis to form cups withan
erose or lacerate peridial margin, which finally become saucer-
shaped (Plate 54). The rim is yellowish and the center, a darker
orange.

Rust pustules, consisting of crowded groups of aecia up to 100
mm across, are circular on thc underside of leaf lamina and
elongated along veins, petioles, and stems. They also affect
flowers and fruit. The initial color, orange-red, turns at maturity
torusty brown. Lesions are largest on veins, petioles, and stems,
causing pronounced enlargements and deformations such as
thick curved leaves, stems swollen to double their size, and
stems doubling over to the point of snapping. Defoliation and
death of plants occasionally occur.

Causal Organism
Aecidium cantensis Arthur produces accia, crowded in
circular groups 5-10 mm across, on the underside of leaves,

Fig. 72. Common rust: A, mature red to brown colored sori; B,
spores of Puccinia pittigriana. (A, Courtesy E. R. French)
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Each ac:ium is cupulate, 0.3-0.5 mm in diameter, with a
colorless periderm. Acciospores are angularly globoid or ellip-
soid, 16-2) X 20~23 ym,

Epidemiology

The source of inoculum is probably cultivated potato, which
is grown under irrigation in the dricr season. Because this
disease occurs below the elevation of severe frosts, the causal
fungus may survive veararound in plants and’ordebris, but no
rescarch has been done on the overwintering of the pathogen.

Other Hosts
Potato is the only well verified host,

Control

Although Peruvian rust can be very damaging and recurs
every rainy season in some localities, it is not widespread and
thus not considered an important disease. No research on its
control has been undertaken.
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Miscellaneous Diseases

Tuher Rots

In Germany and Italy. Clonostachys araucariae var. rosea
tuber rot occasionally causes severe losses in storage following
bad weather during harvest. Dark necrotie areas on tubers are
surrounded by white mycelium with abundant conidia.

Armillaria dry rotis a minor problem in northern areas where
potatoes are produced on recently cleared land. Armillaria
meltlea Vahl. ex Fr. causes hard brown, roughened areas some-
what corky in texture. Lesions are usually shallow, with dark
brown to black rhizomorphs attached to zuch areas.

Xylaria tube~ - vt oc 'urs in calcarcous marl soils of Florida.
Black rhizomo. ., threadlike to 3 mm thick, become firmly
attached to the tuber surface. In the field, tber invasion slowly
progresses as more or less semicircular lesions. The problem, of
minor importance, develops on recently cleared land.

Gilmaniella humicola causes minute brownish necrotic spots,
2-6 mm in diameter, around lenticels and eves. Lesions remain
shallow. Eyes are killed, making tubers unfit for seed.

Crlindrocarpon tonkinesis dry rot develops during the rainy
season in India as brown patches on skin. later with white
mycelium in or on affected tissue.

Heterosporium sp., usually found on potato leaves, also
causes lesions on tubers.

Leaf Spots
Periconia sp., Leptosphaeruling sp., and Didymella sp. are
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simultancously present in leaf spots, severely defoliating pota-
toes in Peru.

Chaetomiun spp. leaf spot, superficially resembling carly
blight but without the targetlike markings, is reported in South
Dakota. Necrosis and chlorosis develop around points of
mechanical injury.
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Mycorrhizal Fungi

The role of these obligate symbionts in potato growth and
particularly their relation to tuberization has been extensively
investigated. Only recently has their bencficial effect on
potatocs been established. Inoculation in the root hair region
with the endomycorrhizal fungus, Glomus fuscicilatus, in-
ereased tuber vields and total plant weight.
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Principles of Foliage
Fungicide Application

In most parts of the world, sprays have superceded dusts in
control of foliage discases of potato. Dusts are casily and
quickly applicd without premixing with water, and dusters arc
usually cheaper, lighter, and simpler in construction and
maintenance than sprayers. However, dusts drift casily, do not
adhere well to foliage in the absence of moisture, and are not
well suited to large-scale outdoor crop protection, On the other
hand, sprays are less subjeet to drift, provide more uniform
coverage, and stick better to foliage than dusts do, but accurate
measurement and mixing of ingredients are essential to their
cffectivencss.

With few exceptions, the fungicides used to control foliage
diseases of potato are protectantintheir action. This means they
must be applied to foliage before or at the same time as inoculum
is deposited in order to prevent fungous spore germination,
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penctration, and subsequent discase development. Because
protectant fungicides are not absorbed and translocated
through the plant to any significant degree, they must be applied
uniformly to as much of the foliage as possible. This implies
uniformity both in horizontal distribution of fungicide across
the spray swath and vertical distribution (penetration) through
the plant canopy. Coverage of both upper and lower leaf
surfacesisalso essential. Toachieve optimal coverage, attention
should be paid to the following: use of the correct spray volume
and pressure for which a sprayer has been designed; proper
functioning of the sprayer asdetermined by cleanliness, wear of
nozzle orifices, height of boom, accuracy of pressure gauge;
spraying when the air is still; and not extending swath width
beyond that specified for the sprayer,

Traditional hydraulic boom spravers that apply large
volumes (700~1,170 L ha, 75-125 ¢ A) of dilute spray under
high pressure (approximately 28 kg cm’, 400 psi) provide good
horizontal and vertical distribution of fungicides. However,
weight, high cost, large water requirement. and frequent need
for filling have decreased their popularity in recent vears. The
present trend is towards low pressure (approximately 7.0-8.8
kg em’, 100-125 psi), low volume (approximately 4651 ha, 50
g/ A or less) spraying, cither with hydraulic or airblast
(atomizing) machines. These can be effectively used if the
manufacturer’s recommendations are followed.

Spraying by aircraft has several advantages such as speed,
saving of labor, ability to be used in fields too wet for ground
equipment, absence of vield loss due to sprayer tracks, reduced
spread of virus diseases, and low water reguircments (usually
28-471.ha, 3-5g: A). Theseadvantages hive increased accep-
ance of aircraft application particularly among large growers,
But again, certain disadvantages must be considered, such as
wind interference and risk of drift, unsuitability of small,
irregularly shaped or topographically uneven fields, the hazard
of physical obstacles, relatively poor vertical distribution of
spray through the plant canopy, and sparse deposition of
discr:et particles of concentrated fungicide. This last makes it
essential that fungicide deposits be redistributed, i.c.,
transferred from their original landing sites to unprotected leaf
areas by moisture in the form of dew, rain, or irrigation.
Although the addition of adjuvants to fungicide sprays has been
promoted to improve redistribution, most fungicide
formulations have adequate spreadability without being
supplemented with such materials,

To provide as complete a protective blanket as possible,
fungicide sprays must be applied at regular intervals to protect
newly-expanded foliage and to supplement fungicide activity
lostto dilution, photodegradation, oxidation, etc. Frequency of
application depends an weather conditions, presence of discase
in the vicinity, tenazity of the fungicide, varictal resistance,
sprayer capability, and other factors. The usual interval
employed by growers ranges from Sto [4days. In certain areas,
disease forecasting systems are used to determine spray
intervals,

Usc of thecorreet amount of fungicide per unit area is vital to
effective disease control. This requires careful attention to
spr.yer calibration and maintenance. Calibration means deter-
mining how much fungicide is applied by a sprayer to a par-
ticular arca,

In summary, the four basic requirements for success are to
apply the right chemical in the right amount at the right time in
the right way to obtain maximum coverage.
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Tuber Seed Treatment

Chemical treatment of seed tubers before planting is neithera
curc-all nor a replacement for the use of high quality sced,
properly stored and handled. Rather, it is inexpensive insurance
that partially protects seed from invasion by microorganisms
present in the soil and on the tuber surface. Unfortunately, it
docs not kill microorganisms present within seed.

Possible benefits of seed treatment are: 1) control of storage
diseases such as Fusarium dry rot, 2) control of seed picce decay
when cut seed has to be held for an extended period before
planting. 3) control of sced picee decay in the soil (usually
caused by Fusarium spp.) when planting is done under adverse
soil conditions (cooland wet) that impair suberization of the cut
surfaces, and 4) partial control of discases such as Rhizoctonia
stem canker, scab, Verticillium wilt, and blackleg.

Prestorage treatment of seed, a relatively recent development,
usually involves application of fungicides (c.g., thiabendazole)
in the form of a fine mist as tubers enter the storage structure.
Seed treatment after storage and before planting is most
commonly done by dusting with rotating drum dusters, which
generally provide better coverage than do the shaker types of
treaters. Several cthylenebisdithiocarbamate fungicides are
useful for dip treatment of seed tubers, but they are not com-
monly applied in this manner.

When whole seed is planted. or when cut seed is planted in a
witrm, roist seedbed promptly afier cutting, whole tubers may
be surface disinfested by dusting or dipping. This is only
partially effective in controlling discases such as Rhizoctonia
stem canker, scab, and Verticillium wilt because their causal
agents are commonly soilborne. Where cut sced is
predominantly used, treating seed immediately after, rather
than before, cutting is advisable (dusts_are preferred). This
protects the cut tuber surfaces from invasion by soilborne
pathogens such as Fusarium spp. and provides partial surface
disinfestation,

Cut sced, whether treated or not, should be planted
immediately. If this is impossible, it should be stored in open
containers such as potato crates stacked to provide ample
ventilation. Burlap bags should be only half filled and also
stacked for ventilation. Cut seed should be held at 10~16° Cand
high relative humidity (85-90%) for three to four days to allow
wound cork to form over cut surfaces. If further stosage is
necessary, temperatures can be dropped to 5° C, but seed should
be warmed again before planting to ensure vigorous sprouting.
Insects should be excluded from cut seed, particularly adults of
the sced corn maggot. Cut seed held for some time before
planting may develop considerable sced picce decay and give
poor stands.
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Viruses

Virus diseases, although seldom lethal, reduce plant vigorand
yield potential of seed tubers. Identification is complicated by
wide symptom variation attributable to virus strain differences.
plant response in relation to maturity and duration of infection,
potato cultivar, and environmental influences. Differentiation
of viruses may involve purification, electron microscopy,
comparison of physical properties, electrophoresis, serology.,
and possibly other techniques. Recent developments in serology
using the ELISA (enzyme-linked immunosorbent assay)
technique provide an extremely sensitive test for virus presence
and identity and have for the first time permitted serology with
certain viruses difficult to detect in potato.
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Potato Leafroll Virus

Potato leafroll, an aphid-transmitted disease is one of the
most serious in potato and is responsible for high yield losses
throughout the world wherever potatoes are grown. In
Colombia and the Andes, the potato leafroll virus (PLVR)
oceurs in Sofanum andigena potatoes: the disease has been
known as “enanismo amarillo™ for many years,

Symptoms

Primary symptoms (Plate 55) follow transmission by aphids.
Symptoms appear mainly in the young leaves, which usually
stand upright, roll. and turn slightly pale. In some cultivars,
young leaves are pink to reddish starting at the margins. Rolling
sometimes affects only the base of the leaflet rather than the
whole leaflet. These symptoms may spread later to the lower
leaves. Primary symptoms may be lacking with late season
infection, making diagnosis in seed stocks a major problem.

Secondary symptoms (Plate 56) become evident when an
infected tuber produces a plant. Lower leaflets are rolled and
higher leaves are slightly pale. Leaves are stiff, dry.and leathery
and make a crisp, somewhat paperlike sound when touched.
Older leaves of some cultivars are .iak and - or severely necrotic,
especially at the margins. Plants are often noticeably stunted
and rigid. Symptoms are less pronounced in the top of a plant
with secondary infection than in one with primaryirfection, and
secondary infection is more damaging to the plant. Severity of
symptoms depends on the isolate of the virus, the potato
cultivar, and the growing conditions.

InS. tuberosum ssp. andigena cultivars, secondary symptoms
fenanismo amarillo) tend to be somewhat different from those
in 8. tuberosum ssp. tuberosum, consisting of a marked upright
habit of growth, stunting, and a marginal and interveinal
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chlorosis of leaflets (Plate 57), especially of dwarfed upper
leaves. Rolling of lower leaves is often lacking. Secondary
symptoms in hybrids of S. tuberosum ssp. andigena X S,
tuberosum ssp. tuberosum consist of the rolling of lower leaves
typical of S. tuberosum ssp. tuberoswmn cultivars. In some
cultivars, however, distinct interveinal and marginal chlorosis
occurs as in 8. tuberosum ssp. andigena cultivars.

Internal net necrosis (Figs. 28B and 73A). visible to the
unaided eye when the tuber is cut, is particularly marked in
certain. American cultivars such as Russet Burbank, Green
Mountain, and Norgold Russet. This net necrosis is found in
tubers from plants with primary, sccondary, or tertiary
infection. The color may vary from light translucent to dark. A
definite trend toward a less severe type of infection from
primary to tertiary has been found in tubers of Russet Burbank.

Causal Agent

PLVR hasicosahedral particles 24 nm in diameter (Figs. 73D
and E).

Transmission is successful only by aphids and grafting;
artificial inoculation by mechanical means has never been
accomplished. The virus is transmitted by aphids in a persistent
(circulative) manner (i.c.. after an aphid has fed on an infected
plant it normally transmits the virus for the rest of its life).

Isolates have not been differentiated by serological, physical,
or chemical properties nor by vector specificity or transmission
efficiency. No differential plants are known, All strains give the
same type of symptoms. Isolates vary in severity of symptoms
on potato cultivars and on Physalis floridana, but existence of
strains has not been well defined. Some workers refer to three
strains called severe, moderate. and mild; others refer to
four strains called No. I, 2, 3, and 4. A fifth isolate, differing in
symptom severity from No. | on P. floridana but not on other
hosts, has been isolated.

Histopathology

From the moment of symptom appearance, infections are
always accompanied by phloem necrosis. which consists of
thickening of the walls of the primary phloem cells in the stem
and petioles (Fig. 73B). Accumulation of callose is often
pronounced around the sieve plates in the phloem of tubers and
stems (Fig. 73C). Stiffness of leaves in primary and secondary
infections is a consequence of starch accumulation in leaf cells.

Epidemiology

The virusis tuberborne and is also efficiently transmitted in a
persistent manner by aphids that colonize potatoes, Myzus
persicae being the most efficient. Infection efficiency increases
with the length of feeding. The virus is spread over long
distances by windborne winged aphids and over short distances
by nonwinged aphids moving from plant to plant, Aphid
transmission occurs from tuber to tuber during seed storage,
especially in tropical countries. Plants from infected tubers and
diseased volunteer potato plants also serve as virus sources.
Moaderate temperatures and dry weather favor spread. Plants
become resistant to infection with age, and occasionally some
tubers of nlants infected late in the season escape infection.

Other Hosts

Several plant species, mostly in the Solanaceae, are known as
hosts.

P. floridanais a suitable indicator, test, and propagation host
that reacts with interveinal chlorosis, darkening of the veinal
arcas, and a slight cupping at the first two or three true leaves,
Infections at a later stage cause plants to become somewhat
pale.

Datura stramonium is favored by some workers, especially in
the mare tropical regions, as a test and propagation host in
which chlorosis develops. In Brazil, alternative hosts to PLVR



have been demonstrated, including tomato, D. stramonium,
and a Physalis species. D. stramonium also seems to be a
rescrvoir for the virus in the Andean region, where it is a
common weed. No evidence indicates that hosts other than
potato act as a virus reservoir in the temperate regions.
Nonsolanaceous hosts are found in the Amaranthaceac.

Tuber Indexing

Symptomdevelopmentineye sprouts can be used to index for
virus infection in postharvest glasshouse tests. The often-used
Igel-Lange test (deep blue staining of phloem sieve tubes after 10
min in 1€ aqueous resorcin blue) is based on increased deposits
of callose in the phloem (Fig. 73C). Neither method is
completely reliable because symptoms are not always produced
and because callose, which is not always observed in infected
tubers, may also be found in healthy tubers.

Electron microscope techniques alone are unreliable because
of the low concentration of virus particles in infected plants. In
combination with serological techniques, electron microscopy is
efficient.

The recent application of ELISA to detect the virus in
tuber and other plant material has resulted in improved
indexing techniques. A reliable method, although laborious to
perform, involves aphid transmission tests on eye sprouts. using
indicator plants such as P. floridana.

A technigue in which leaves, stems, and small picces of tuber
are grafted to /). stramonium is now used on a large scale in seed
multiplication work in Brazil. This method is considered to be
less time-consuming than that using aphids and P. floridana.

Control

1) Breeding resistant cultivars has met only limited success.
Resistance is determined by many genes with additive effects
and can only gradually be built up. Varying levels of resistance
are found in some scedlings. Crossing of unrelated resistant
parents may result in a higher proportion of resistant offspring
than does inbreeding. Resistance is also found in progenies from
S. demissum, S. andigena, S. acaule, S. chacoense, S.
stoloniferum, and S, etuberosuim.

2) Discase-free seed tubers are essential for maximum
production. Seed tubers with a low percentage of infection can
be produced in areas where sources of virus are limited and
aphids appear late in the season. Seed plots should be harvested
ascarly as possible, compatible with reasonable yields, to avoid
late season aphid transmission. Dates for lifting may be
determined by the number of aphids caught in yellow traps or
assessed by other methods.

3) To minimize infection, measures such as clonal selection,
carly planting of virus-frec tubers (from seed certification
programs). and carly lifting and roguing of infected plants and
killing or removal of volunteer plants in and around the field can
be used.

4) Aphids should be controlled by toxic sprays or systemic
insecticides. Application of granulated systemic insecticides has
been suceessful in certain cases. Spread cannot be controlled by
oil sprays.

5) Tubers may be freed of the virus by heating, e.g., 25 daysat
37.5°C.
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Potato Virus Y

Potato virus Y (PVY) causes rugose mosaic (Fig. 74A).
Common strains of the virus (PVY®?) are found worldwide, and
necrotic strains (PVY™) oceur in Europe, including the USSR,
#nd in parts of Africa and South America. Strains belonging to
the type virus C(PVY") probably occur in Australia and some
parts of Europe. although extensive reports are not available.

Symptoms

Symptoms in potato vary widely with virus strain and potato
cultivar, ranging in severity from weak symptoms to severe
foliage necrosis to death of infected plants. In general, PVYY
and PVY* cause much more severe symptoms thandoes PVY™,
PVY" induces vague mottle in plants with current-scason

Fig. 74. Rugose mosaic: A, in cultivar Bintje; B, tuber symptoms of
unnamed seedling with potato virus Y". (Courtesy J. A. de Bokx)
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(primaryyinfectionand inthose from infected tubers (secondary
infection). If infection occurs late in the season, foliage
symptoms may not appear, but tubers from such plants may
carry the disease.

Primary symptoms of PVY", depending on potato cultivar,
are necrosis, mottling, or yellowing of leaflets, leaf dropping,
and sometimes premature death, Necrosis, which starts as spots
or rings on the leaflets (Plate 58), may cause leaves to collapse
and cither drop from the plants (leafdrop streak) or remain
clinging to the stem, resembling palm trees. Sometimes these
symptoms appear only on a single shoot in a hill.

Plants with secondary PVY" infection are dwarfed, and
leaves are mottled and crinkled. Sometimes foliage and stem
necrosis oceurs. Necrosis is usually more severe after primary
than after secondary infection. The foliage symptom is a mosaic
(Plate 59). which differs from that induced by potato virus A
(mild mosaic) in that discolored areas are smaller and more
numerous. Leaf mottling may be masked at very low (10°C)and
high (25° C) temperatures, but at high temperatures the discase
can be identified by the crinkling and rugosity of the foliage
(Plate 60).

PVY"' evokes stipple-streak symptoms in several cultivars.
Affected plants are dwarfed and may die prematurely.

A correlation generally exists between symptoms in the
foliage and those in tubers. Weak mosiac symptoms in the
foliage, as commonly induced by PVY?™ strains, are not
accompanied by symptoms in the tubers. Cultivars that react
with necrosis in the foliage upon infection to PVY" sometimes
show light brown rings on the skin of tubers (Fig. 74B). PVY®
strains may induce internal and external necrosis in some
cultivars,

Causal Agent

PVY is a virus with flexuous, helically constructed particles,
730 X Il nm (Fig. 75A).

Many groups of strains can be distinguished according to
severity of systemic symptoms in tobacco, Physalis floridana,
potato, and other hosts. The main groups are called PVY",
PVY®™, and PVY". Although aphids can transmit PVY", they
transmit some strains only with great difficulty, if at all, and
athers as readily as they transmit PVY?>,

Histopathology

Pinwheel inclusions observed in electron microscopy occurin
tissue of tobacco and potato systemically infected with PVY
(Fig. 75B).

Epidemiology

Spread of PVY depends mainly on the presence of winged
aphids. The virus is borne on the stylet and is transmitted within
a few seconds in a nonpersistent way by many aphid species. at
least 25 are mentioned as capable of transmitting PVY, but little
is known about their efficicncy. Myzus persicae is the most
efficient species in many areas and scasons.

PVY is considered one of the most damaging potato viruses in
causing yicld depression. PVY”and PVY" may cause complete
failure of a potato crop. In combination with potato virus X,
PVY is gencrally even more destructive, producing the rugose
mosaic discase,

Other Hosts

Many plant species, mostly in the Solanaceae, but also in the
Chenopodiaceae and lLeguminosae are hosts of PVY,
Perennials seldom act as virus reservoirs in nature. In potato-
growing arcas, the potato itself, as volunteer plants, may be
considered a reservoir host.

In Nicotiana tabacum (tobacco), most strains produce vein
clearing followed by mottling. The necrotic PVY™ strain
induces mottling and bronzing of the midribs and necrosis of
leaf ribs.



In P. floridana, strains of PVY" and PVY® cause local and
systemic necrosis in young plants. Rucid death follows
inoculation with PVY'  whercas PVY™ induces mosiac
symptoms only.

Potato cultivars, e.g., Duke of York, may be useful for further
identification because after being grafted with PVY®, PVY©,
and PVY", they react with mottling, rugose mosaic, and stipple
streak, respectively. No hosts are known to separate the
different strains.

Solanum demissum *Y' of Cockerham or ‘A6’ (S. demissum
X 8. tuberosum ‘Aquila’) react to PVY with local lesions.
Detached leaves are often used in routine tests.

Datura stramonium or D. tatula are resistant to PVY and
serve for climination of PVY in certain virus complexes.

Seed Propagation

Mature plant resistance may be of importance in seed-potato
production procedures. When infection by aphids takes placein
anadvanced stage of plant growth, the virus may not spread to
tubers: frequently only a few tubers per plant become infected,
Mature plant resistance is much less effective against PVY®

Ly [ " O 3
Fig. 75. A, Electron micrograph of potato virus Y* (xX40,060): B,
pinwheslinclusion bodies demonstrated by thin section, electron
microscopy (X72,000), in tissues infected with either potato virus
Y orA. (A, Courtesy H. Huttinga; B, courtesy J. A. de Bokx)

than against PVY? strains.

Breeding and growing cultivars resistant to PVY is the best
way of combating the disease. Extreme resistance, which
protects plants from all strains of the virus, occurs in S,
chacoense and S. stoloniferum. Seedlings with good
commercial qualitics have been derived from these.

In areas where virus sources are limited and vectors are
present only in certain periods of the growing season, seed with a
tolerable percentage of infection can be produced. Certification
schemes use combinations of measures such as clonal selection,
planting virus-free seed at an early date, roguing, and early
lifting. This may be followed by tuber indexing. Laboratory
testing, such as leaflet inoculation of *A6’ and serology, can be
included.

Heat treatment and meristem culture may be used for freeing
virus-infected clones.

Preventing spread of PVY strains by chemical control of
aphid vectors, including the use of systemic insecticides, is not
possible because aphids have short periods of PVY acquisition
and infection feeding,.

Control

1) Plant clean sced free from tuberborne infection.

2) Use resistant cultivars,

3) Plant early, and roguc discased plants.

4) Prevent heavy aphid populations in the field by applying
insecticides as foliage sprays and systemic soil treatments.
Application of oil spray to the foliage has been useful
experimentally.

5) Time harvesting operations vo precede heavy aphid flights
as determined by yellow pan traps.
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Potato Virus A

Potato virus A (PVA), which causes mild mosaic, is
widespread in most potato-growing arcas, PVA may decrease
yield of infected potatoes by up to 40%.

Symptoms

The mild mosaic symptom induced in leaves of many potato
cultivars is a chlorotic .nottle, sometimes severe, in which
yellowish or light-colored irregular arcas alternate with similar
arcas of darker than normal green (Fig. 76 A). Mottled areas
vary in size and lic both on and between the veins. A slight
rugosity of the leaf surface can usually be observed. and the
margins of the leaflets may become wavy. Infected leaves as a
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whole look shiny. Severity of symptom expression depends
largely on weather conditions, the potatocultivar, and the strain
of virus A,

Infected plants usually seem open because stems bend
outward. Athigh temperaturesand in bright sunlight, symptoms
are more difficult to recognize than in cloudy cool weather and
may be completely masked. Normally, infected plants produce
symptomless tubers,

Causal Agent

PVA, a member of the potato virus Y (PVY) group, has
particles as flexuous filaments, 730 X 1S nm. PVA is
serologically related to PVY, although the degree of
relationship is diffficult to assess because reciprocal
heterologous tests do not give the same results.

According to symptoms in potato and Nicandra physalodes,
strains of PVA may be classed into three groups: mild,
moderately severe, and severe.

Histopathology
Pinwheel inclusions occur in tissue of tobacco and potato

Fig. 76. Potato virus A: A, mild symptoms in cultivar Saucisse
Rouge; B, necrotic local lesions in A6, a Solanum damissum X 8.
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systemically infected with PVA (Fig. 75B).

Epidemiology

PVA is transmissible by at least seven species of aphids
(including Aphis frangulae, Macrosiphum euphorbiae, and
Myzus persicae) in the nonpersistent manner, by grafting, and
by inoculation with sap. The latter, however, usually vields poor
results because of instability of the virus. Therefore,
transmission hy foliage contact in the field probably does not
take place. Many cultivars, ¢.g.. Bintje, Katahdin. Kennebec,
and Sebago, are field resistant (hvpersensitive) 1o all known
strains of PVA. For this reason, PVA isconsidered less harmful
than PVY. Plants extremely resistant to PVY, obtained from §.
chacoense or S. sioloniferum. are also extremely resistant to
PVA.

Testing for the presence of PVA by using ‘A6° or meristem
culture for freeing virus-infected stock is useful in sced
improvement programs. PVA cannot be detected by present
serological methods: however, for serological identification of
PVA_the ELISA technigue can be applied.

Other Hosts

Hosts of PVA are limited to the Solanaceae.

In Nicotiana tabacum cv. Samsun. virus strains produce vein
clearing and diffuse mottle, whereas in N. rabacum cv. White
Burley, vein clearing and vein banding are induced.

A6’ (S. demissum X 8. tuberosum ev. Aquila) develops local
lesions (Fig. 76B), which may be distinguished from those of
PVY in detached leaf culture under controlled environment,

S. demissum ‘A’ of Cockerham shows local lesions only after
inoculation with PVA,

Control

1) Plant clean seed free from tuberborne infection.

2} Use resistant cultivars,

3) Plant carly. and rogue discased plants.

4) Prevent heavy aphid populations in the field by applying
insecticides as foliage sprays and systemic soil treatments,
Application of oil spray to the foliage has been wseful
experimentally,

5) Time harvesting operations to precede heavy aphid flights
as determined by yellow pan traps.
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Potato Virus ¥

Potato virus X (PVX)occurs wherever potatoesare grown. It



infects certain commercial stocks, with vield reductions
estimated to range up to more than 156,

Sympioms

PVX ruy be atent, without foliage symptoms or apparent
effect on plant vigor except when closely compared t¢ PV X-free
stocks, or it may shiow mild mott.e (Plate 61y to severe or rugose
mosaic (Fig. 77A), with dwarfing of the plant and reduced
leatlet size. Certain combinations of PVX strain and host
genotype cause extensive top necrosis (Fig, 77B). which may
Kill part or all of the plant and cause tuber necrosis. In
combmation with poteto viruses A or Y, crinkting 1ugosity, or
necrosis may aeselop,

Causal Agent

PVX particles are flexuous filaments, 515 X 13 nm. with
helical {pitch, 2.4 nmj) substructure (Fig. 781). Single-stranded
ribonucleic acid. with molecular weight of 2.1 X 10°, comprises
67 of the particle weight. Thermal inactivation is 68-76,
depending on the s'-ain: dilution end point is 16 ~10"
longevity in vitro is several we ks,

PVXisstronglyvimmunogenic and s sufficiently homogen=aus
to permitseveral serological methods to be used inidentification
ol naturally infected plants.

PVX isolates have been grouped into strains by cross
absarption serology {(four greups), temperature of inactivation
(three groups). and necrotic reaction within S tberosum spp.
tuberosum (four groups). Strains related by any of these
groupings may vary considerably in the irtensity of the
symptoms they cause.

Within potato leaf cells, PVX forms large amorphous
inclusions readily observable with light microscopy. These
inclusions. examined in thin section by clectron microscopy,
contain virus particles interspersed between alternating layers
oi curved or rolled laminate inclusion components.

Epidemiology

PVN is with few exeeptions, transaitted by tubers in
susceptible cultivars. Transmusston through sap inoculation is
readily accomplished by contact of plant partsn the field due to
wind, animals, or machinery; by root contact: by sprout to
spraut contact; by the cutting knife before planting; and by
biting insects (grassioppers). Zoosperes  of Svuchyiritum
endohioticum ace reported to transmit the virus, Aphids are not
known to transmic PVX, nor is the virus known to he
transmitted through true seed.

A .

Symptoms in most plants are enhanced by low temperatures
0i 16=20°C and are mild or may be masked at temperatures
above 28¢C.

Cultizars may be freed from PVX by meristem culture of
sprout tipzm grown at 32-36°C.

Other Hosts

PVXisolates cause widely different symptom severity ranging
from mild to severe. Mild isolates may spontancously become
severe or vice versa. PVXis chiefly systemic in the Solanaceae,
usually produces local lesions in the Chenopodiaceae or
Amaranthaccae, and also infects certain Leguminosae.

In Nicotiara tabacum (White Burley o1 Samsun types),
infection i systemic, with mottles or ring spots (Fig. 78Rand C,
Plate 62). the plant is useful for virus propagation.

Datura stramonium and D. tatuda show systemic infection,
latent to severe mottle, and some leaf necrosis.

Gomphrena globosais alocal lesion host (Fig. 784) useful for
guantitztive infectivity assay.

Resistance

Comprehensive or extreme resistance, carlier called
“immunity,”is determined by a single dominant gene (Rx). This
gene - or one similar - confers resistance to all strains of PVX
except one recently isolated in the Arndes. It is present in
selections of Solanum acaule and its derivatives, including the
cultivar Saphir, and in certain selections of S, tuberosum ssp.
andigena, which include C. P, C. 1673, the cultivar Villaroela,
and its probable derivative S.41956,

Field immunity in 8. tuherosu.n ssp. tuoverosum, determined
by dominant genes, is a strong necrotic, often top necrotic,
reaction to infection. The Nx:nb genetic type confers resistance
to Cockerham's (1954) PVX gro'ips | and 3, nx:Nb to groups |
and 2, and Nx:Nb to groups [-3. Genes conferring similar
resistance are present in ~ertain other tuber-bearing Solanum
spp.

Certain cultivars, although susceptible, apparently prevent
compietely free PVX movement within the plant, permitting
certain plant parts to escape infection. By contrast, other
cultivars are so thoroughly invaded that obtaining virus-free
parts for propagation is difficuli.

A strair of PVX (Xyu) recently isolated in the Andean
highlands differs markedly from previously described PVX
strains by infecting 1) plants with the Rx gene (USDA S.41956,
Saco, Saphir, and resistant selections of S. acaule) and 2) G.
glohosa without symptoms in inoculated leaves. This strain does
not become systemic in G. globosa.

Fig. 77. Potatovirus X: A, iatent strain in branch at right a 1d severe rugose strain at left; B, top necrosis ‘n fie!d-resistant Epicure following
graft inoculation with potato virus X. (A, Courtesy J. Munro)
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Fig. 78. Potato virus X infections: A, Gomphrena globosa; B,
Samsun tobacco; C, Havana tobacco inoculated leaf with
clear ring spots and leaf of same plant with systemic vein clearing.
D, Electron micrograph of potato virus X particles {%83,000). (B,
Courtesy J. Munro)
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Control

1) Use PVX-free seed and avoid contamination through
contact with infected plants or tubers.

2) Use resistant cultivars where possible. Tolerant cultivars
are useful. Many high yielding seed stocks. completely infected
with PVX, produce plants with excellent vine type and high
tuber quality.
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Potato Virus M

Potatoe virus M (PVM)is found worldwide in potato cultivars.
It is more important in Eastern Europe and the USSR than in
other parts of the world. Its economic significance in North
America is uncertain.

The discase was first named potato leafrolling mosaic. Early
descriptions were probably not made on PVM alone because the
virus frequently occurs with potato viruses X and/or S. The
identity of PVM has only recently been clearly established.
PVM causes the latent paracrinkle disease in the King Edward
cultivar,

Symptoms

Aboveground symptoms range from very slight to severe
{Fig. 79 A-C, Plate 63) and include mottle, mosaic, crinkling,
and rolling of leaves; stunting of shoots; leaflet deformation and
twisting; and some rolling of the top of the plant. Severity is
influenced by virus strain, potato cultivar, and environmental
conditions. Necrosis of petioles and stems may develop in
certain potato cultivars.

Causal Agent

PVM particles are straight to slightly flexuous rods 650 X 12
nm. The thermal inactivation point is between 65 and 70° C;
dilution end point is 107-10""; and infectivity is retained at
20°C for two to four days. The virus is a good immunogen.

Cytopathology and Histopathology
Numerous PVM rods and virus aggregates occur in the



cvtoplasm of infected potato cells (Fig. 79E). These include
neither pinwheels nor pinwheel-related structures. No virus
particles and or aggregates are found in chioroplasts,
mitochondria, or nuclei.

Epidemiology

Transmissicn by mechanical inoculation with infective sap or
by tuber or stem grafting can be achieved with ease. True seed
transmission has not been demonstrated. Most PVM strains are
aphid-transmissible in the nonpersistent manner by Myzus
persicae and less efficiently by Macrosiphum euphorbiae,
Aphis frangulae, and A. nasturrii. Strains differ in efficiency of
transmission by aphids. Symptoms are masked at temperatures

QE’ X ,ﬁq P 'y - A .
Fig. 79. Potato virus M (PVM): A, mild symptoms; B, healthy
control; C, severe symptoms in Kennebec; D, local necrotic
lesions of PVM on red kidney bean; E, aggregate of PVM particles
(v) and mitochondrion (m) in potato parenchyma cells. (D and E,
Courtesy C. Hiruki)

or approximately 24°C and abeve,

Other Hosts

PVM infects mainly the Solaraceae but alsu members of the
Chenopodiaceae and Leguminosae.

Localdark green or yellow spots in Chenopodium quinoa and
local chlorotic rings or necrotic spots in Gomphrena globosa are
produced by some PVM isolates only. Symptoms in Dartura
rmetel are local chlorosis or necrosis and later, systemic necrosis.
Lycopersicon chilense exhibits epinasty, distortion, stunting,
and abscission. L. esculentum (tomato) is susceptible to PVM
but remains symptomless and is immune to potato virus S,

In Solanum rostratum, necrosis is systemic. In Nicotiana
debneyi, local brown ringlike nccrotic lesions are produced by
some PVM isolates only. Phaseoius vudgaris cv. Red Kidney
exhibits local necrotic lesions on the primary leaves (Fig. 79D).
French bean is a convenient and reliable local lesicn host for
quantitative investigations of PVM,

In Vigna sinensis, local brown necrotic lesions are produced.
N. tabacum and Physalis floridana are nonsusceptible.

To distinguish between PVM strains, L. chilense and the
potato cultivars Kennebec and Prinslander are useful.

Control

1) Use discase-free virus-tested seed tubers.

2) Contvol aphid populations.

3) Rogue infected plants when first found in the field.

4) Infected potato can be freed by apical meristem culture
only or by combining heat treatment ‘vith axillary bud culture.
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Potato Virus S

Potato virus S (PVS) occurs worldwide wherever the potatois
grown. In the temperate zones, it is confined to the potato.

PVS was first detected not through symptoms but through
serology during efforts to produce an antiserum to potato virus
A.

Symptoms
PVS is virtually symptomless in most of the common potato
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cultivars. Symptoms are slight deepening of veins and rugosity
of leaves and possibly stunting and a more open type of growth.
Some strains may cause mottling or bronzing incertain cultivars
and, when severe, may cause necrotic spots on the upper
surfaces. Older leaves in the shade may develop greenish spots
instead of turning uniformly vellow. Controversy exists as to
whether PVS alone consistently reduces vield, but losses of
10-20% have been reported.

Causal Agent

PVS particles are straight to slightly curved filaments,
approximately 650 X 12 nm. Thermal inactivation is 55-60° C:
dilution end point in crude potato sap is about 10°% and
longevity in vitro at 20°C is about four days.

PVSisstrongly antigenic, and for convenience and relia bility
in diagnosis, serology is generally used. Plants in the field are
best tested just before flowering by sampling lower and middle
leaves. Virus concentration may be low carly or late in the
season.

In tube tests, the precipitate is flocculent. The simple slide-
agglutination test can be used under ideal conditions. but
tnicroprecipitin, bentonite, or latex flocculation or gel-diffusion
tests are preferred.

Epidemiology

PVS is tuber-perpetuated, readily transmitted mechanically
by infective sap, and reputed to be spread in nature primarily
by contact with diseased plants. Certain strains are transmitted
by the aphid Myzus persicae in a nonpersistent manner.
Transmission tests with true seed have been negative,

Other Hosts

Ir. Nicotiana debneyi, systemic vein clearing occurs after 20
days, spreading from the leaf tip toward the base (Fig. 80A).
Later, leaves develop interveinal or veinbanding motile at 20° C
with a 16-hr day at 1,000 FC. Andean isolates give mild mosaic
or are symptomiess.

Solanum rostrarum and Saracha umbellata (affected by some
strains only) show necrotic spotting on inoculated leaves in 20
days, and later, on svstemically invaded leaves. Andean strains
do not cause necrotie spotting.

Datura merel, Physalis philadelphica, and P. pubescens are
systemically infected without symptoms.

Capsicum annuum, Lycopersicon esculentum, Nicandra
physalodes, Nicotiana glutinosa, N. sylvestris, N. tabacum,
and Physalis floridana are immune to infection,

Local lesions occur in Chenopodium album and C.
amaranticolor after 40 days (Fig. 80B and ©). in C. quinoa
(16-20 days). and in Cyvamopsis tetragonoloba (6-10 days).

s - .
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Most Andean strains (but not all) are systemic in C. quinoa
and C.amaranticolor.

Resistance

Well-defined mature plant resistance is present in potato, so
transmission must occur relatively early in the season if tubers
are to become infected.

Certain cultivars, including Bintje, Katahdin. and Kennebec,
are moderately resistant to reinfection. The cultivar Saco and
some of its progeny have strong general resistance. which is
inherited as a simple recessive: this resistance can be overcome
by grafting, and plants carrv the virus virtually without
symproms.,

Resistance of the hypersensitive type is present ina cultivar of
Solanum tuberosum ssp. andigena: this characteristic has been
brought through several crosses with S, twherosum. A similar
type of resistance has been reported in the diploid S.
megistacrolobum.

Centrol

1) PVS-free clones of susceptible cultivars have been
established by meristem tip culture. In some regions these can be
maintained relatively free from reinfection. but in other regions
this is not so, possibly due to an insect vector, Indexing tubers
and testing mother plants intended for production of stem
cuttings, followed by release of clite seed. ars the accepted
practices.

2) Roguing is not effective,
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Fig. 80. Potato virus S: A, systemic vein clearing in young leaves of Nicotiana debneyi; B, local lesions in young and old leaves of

Chenopodium amaranticolor. (A, Courtesy R. H. Bagnall)
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Potato Virus T

Potato virus T (PVT) occurs in Peru. Bolivia, and probably
elsewhere in the Andes.

Symptoms

PVT produces no ctvious symptoms in several ruberosum
and andigena types but may produce mild mottle or slight vein
necrosis and chlorotic spots, and some andigena types may
develop top necrosis after grafting. New shoots are symptomless
but infected.

Causal Agemt

PVT particles are flexuous filaments 640 X 12 nm, helically
constructed with 3.4 nm piteh; their substructural detail differs
from that of other viruses (Fig. 81). PV T is serologicallvrelated
to. but distinct from. the apple stem grooving virus. Its thermal
inactivation point is about 65° C: dilution end point is 10 and
longevity in vitro is two to four davs.

Epidemiology

PV Uisreadily transmitted mechanically by tubers and sap. It
is nottransmitted by the aphids Myzus persicae or Macrosiphum
euphorbige. 1t is seed-transmitted in Nicandra physalodes,
Datura stramonium, and Solanum demissum, pollen-
transmitted to seed but not to mother plants in S, demissum,
and not pollen-transmitted in N. physalodes and D,
stramonium.

Other Hosts

These include the tuber-bearing S demissum, §.
stenotomum, S, chacoense, S, spegazzinii, S. vernei, and S,
acaule. PVT is readily transruitted by inoculation with sap and
has o wide host range. infecting 43 of 56 species tested. Most
solanaceous species remain symptomless or develop onby mild
svmptoms,

Phaseolus vulgaris cv. Pinto and Prince are good local lesion
hosts when heavily shaded after inoculation, later developing
systemic necrosis followed by plant recovery.

Chenopodium guinoa, a good host for propagating ihe virus,
is systemically infected.

C. amaranticolor is the best diagnostic host: it develops
svstemic distortion and necrosis,

Control

Little is know about diseases caused by PVT. Infected plants
in stocks can be identified by visual inspectior, by inoculation
tests using suitable indicator plants, or by serological tests,
Infected plants should be destroyed.

Fig. 81. Particle of potato virus T. Note unusual substruclural
detail. Bar represents 100 nm. (Courtesy L. F. Salazar and B. D.
Harrison)
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Andean Potato Mottle Virus

The Andean potato mottle virus (APMV) is present in Peru,
Bolivia, probably throughout the Andean region at elevations of
2,000-4,000 m. and in Andean germplasm collections in
Europe.

Symptoms

Primary symptoms are usually mild patchy mottle and, in
sensitive cultivars, strong mottle, leaf deformation, systemic
necrosis, and ‘ or stunting. Strong secondary mottle is normal,
but sensitive cultivars also show delayed emergence, leaf
deformation. and severe stunting (Plate 64).

Causal Agent

APMYV isa member of the cowpea mosaic virus (comovirus)
group. Particles are isometric, approximately 28 nm in
diameter, some full and some empty (Fig. 82C). Two types of
proteins, small and large, have molecular weights of 20,800 and
40.100, respectively. The virus is strongly immunogenic and is
serologically related to some members of the comovirus group. In
N. bigelovii sap. the thermal inactivation point is 65-70°C;
longcvity in vitro, four to five weeks; and dilution end point, >
107",

Epidemiology

APMYV produces symptoms and multiplies best under cool
conditions. It is readily transmitted by contact between plants
and probably also by animal and machinery movement.
However, a beetle vector is possible because beetles
characteristically vector the comovirus group.

Dissemination is through infected seed tubers.

Other Hosts

APMY can be transmitted mechanically only to solanaceous
hosts,

Nicotiana bigelovii shows a mosaic of dark green blotches
(Fig. 82A and B). Leaf tips develop necrotic areas and holes at
15-18°C. _

Lycopersicon chilense exhibits veinclearing, interveinal
mosaic. chlorotic spotting, and sometimes epinasty.

Andecan weeds, Nicandra physalodes, Datura stramonium,
Physalis peruviana, and L. pimpinellifolium are susceptible to
mechanical inoculation.

Control
Roguing is effective because APMV induces conspicuous
symptoms.
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Andean Potato Latent Virus

Andean potato latent virus (APLV) is common throughout
the Andean region at 2,000-4,000 m and occurs in collections
of Andean germplasm in Europe.

Symptoms
Primary infection is often symptomless but may cause

Iy

Fig. 82. Andean potato mottle virus in Nicotiana bigelovii, causing
systemic necrotic areas and holes (A), or dark green blotchy
mosaic (B). C, Virus particles in a partially puritied preparation.
The empty shells are dark colored. (A and B, Courtesy C. E.
Fribourg; C and D, courtesy E. Lesemann)
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mosaics and; or chlorotic netting of minor leaf veins (Plate 65).
Secondary infection normally causes mild mosaics, but
chlorotic netting of minor le2f veins and rugosity may occur.
Cool conditions favor symptom development.

Causal Agent

APLYV resemblzs members of the turnip yellow mosaic group
and is therefore considered a strain of eggplant mosaic virus,
Particles are isometric and about 28 nm in diameter: some are
full and some empty. The molecular weight of the protein
subunits is 19,600-20.700. The virus is strongly immunogenic.
Two serologically distinct strains are recognized (Col-Caj and
Hu).

Dilution end point is 107-10"* and longevityin vitrois up to
three weeks. Thermal inactivation ranges from 65 to 80°C,
depending on the strain. Survival to 90° C has been claimed for
Col-Caj in Nicotiana glutinosa sap.

Epidemiology

APLY produces symptoms and multiplies best under cool
conditions. It is readily transmitted by contact between plants
and probably also by animal and machinery movement. The
potato flea beetle. Epitrix, is a vector of low efficiency.
Transmission from infected potato plants to their tubers is
erratic. The virus is transmitted at low frequency in potato true
seed,

Other Hosts

APLY has been found occurring naturally only in potato. It
can be transmitted mechanically to species of the Solanaceae,
Chenopodiaceae, Cucurbitaceae. and Amaranthaceae,
including the Andean crop plants Chenopodium quinoa and
Amaranthus edulis.

In N. higelovii, mosaic and characteristic netting of minor leaf
veins develops with all isolates (Fig. 83). and most isolates also
cause faint to distinet local lesions in inoculated leaves. More
virulent isolates may also cause systemic necrotic flecking and
starlike lesions.

N. clevelandii exhibits faint necrotic or chlorotic spots or
rings on inoculated leaves with most isolates. Systemic
symptoms are mosaic and necrotic or chlorotic netting of minor
leaf veins,

Control

1) Clonal selection during initial multiplication of seed
stocks is most effective. Tubers from infected plants often
escape infection.

2) Roguingis effective only when conspicuous symptoms are

present.

Fig. 83. Andean potato latent virus mosaic znd necrotic netting of
minor veins in Nicotiana bigelovii. (Courtesy C. E. Fribourg)



3) Resistance has not been identified.
4) Applications of insecticides may help decrease spread
when populations of Epirrix are high.
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Cucumber Mosaic Virus

Cucumber mosaic virus (CMV) causes chlorosis and a
blistering mottle of leaves. Leaflet apices are usually elongate
and margins distinctly wavy., Following mechanical
inoculation, mild delimited chlorosis develops over a large part
of the leaf surface as intense yellow flecks. Yellowing spreads
slowly from the inoculated leaf to the petiole and is followed by
complete collapse of the leaf. Symptoms successively develop on
cach higher leaf. The virus is recovered only from plant parts
with symptoms. CMV on potato occurs naturally in England
and Scotland. Itis readily transmitted by rubbing with infective
sap and by aphids in the nonpersistent manner.

CMV is usually not transmitted by tubers and has not
become an economic problem.
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Tobacco Mosaic Virus

Tobacco mosaic virus (TMV) is not a problem in potato
production, having been reported once in field plants and in the
wild in S, commersonii.

Mechanical inoculation of commercial cultivars results in
localized infection, local lesions or blotches, drop of inoculated
leaves, and rarely with systemic invasion in the current year.,
Usually infection is not tuberborne into the second year.

Green strains of TMV may be almost latent or cause
symptoms suggestive of rugose mosaic virus, with leaflet twist,
curl, and malformation. Yellow strains may exhibit striking
vellowish flecking and leaflet malformation. Infected tubers
develop multiple thin, weak stems, resembling those of witches’
broom. Mosaic symptoms of TMV infection vary with the
potato cultivar and virus isolate and may resemble those of
potato viruses X, Y, or A,

Although resistance is present in commercially available
cultivars of S. ruberosum, the virus is a potential threat.
Susceptible commercial cultivars have apparently not been
developed. Systemic infection readily transmitted through seed
tubers oceurs both within selections of S, ruberosum and also
within zertain wild species, including S. acaule.

Severity of reaction is greater at 24-28°C than at lower
temperatures.

Potato plants may be killed when doubly infected with potato
virus X and TMV,
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Potato Mop-Top Virus

Potato mop-top virus (PMTV) occurs in the Andean region
of South America, in Northern and Céntral Europe, and
probably also in other parts of the world where the powdery
scab fungus, Spongospora subterranea, occurs.

Symptoms

PMTV causes yield decreases of up to 265 in sensitive cultivars
and can have severe effects on tuber quality. Influenced by
cultivar and environment, it causes variable symptoms. The
most important of these are: 1) bright yellow (aucuba)
markings: blotches, rings. or diagnostic V-shapes (chevrons),
especially in lower leaves; 2) pale V-shaped markings in upper
leaves: and 3) stunting of stems and shortening of internodes,
involving some or all of the stems of a plant and giving the
disease its name (Plate 66).

Primary infection from soil to tuber rarely spreads to the rest
of the plant. Tubers are infected symptomlessly or with raised
rings on the surface that, in sensitive cultivars, may be
associated with necrotic ares in the flesh (Plate 67). These arcs
are induced at the virus invasion front in the tuber by a sudden
drop in temperature, but they do not limit further virus spread.
Secondary infection occurs only in some of the tubers produced
by an infected plant. In sensitive cultivars. it may cause
malformation, gross or fine superficial cracking, surface
blotching, and; or necrotic arcs centered on the stolon (Plate
68).

Causal Agent

Particles arc elongated, have a hollow core, and are normally
defective because of terminal uncoiling of the protein helix.
They are 18-20 nm wide, but of many lengths, frequently
250-300 or 100-250 nm. The helix pitch is 2.4-2.5 nm, and the
molecular weight of the protein subunits is 18,500~20.000. The
virus is moderately immunogenic and seems to be distantly
related serologically to the tobacco mosaic virus.

Thermal inactivation is 75-80°C; dilution end point,
107'-107%; and longevity in vitro, up to 10 weeks.

Disease Cycle

PMTV survives inside Spongospora subterranea resting
spores for several yearsand is transmitted to roots by zoospores,

The most important means of long-term survival in infested
land is in dormant resting spores. Weed and other crop species
in the Solonaceac and Chenopodiaceae, which are hosts of both
virus and vector, are potential alternative natural hosts. The
virusis introd uced to uninfested fields when infected seed tubers
carrying powdery scabs are planted. Also. short-distance
movement may occur in infested soil transported on farm
machinery or on the feet of farm animals. Healthy crops become
infected when planted on infested land.

Epidemiology
Symptom production is especially sensitive to light and
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temperature conditions, Systemic movement seems to occur
through the xyvlem and not the phloem. PMTV causes distinet
symptoms in potato only under cool conditions, and cold damp
climates favor its spread by vectar zoospores. In Northern
Europe. the disease seldom oceurs in areas with an annual
rainfall of less than 760 mm.

QOther Hosts

PMTV is known naturally only in potato but can be
transmitted mechanically to species of the Solanaceae,
Chenopodiaceae, and Aizoaceae

In - Chenopodium  amaranticolor, diagnostic, spreading,
concentric necrotic rings and local lesions form in shaded

inoculated leaves atabout IS CL Infection is not systemie (Fig.

B4A)

In Nicotiana debnevi. necrotic or chilorotic ringspots oceur in
inocalated leaves. Slow systemic invasion causes necrotie or
chlorotic “thistle-leat™ Tine patterns (Fig, 84B). Symptom
severity varies with ditterent isolates, Sysiemic symptoms in N,
debnevibaitseedlings are used to diagnose PAMTV infestation in
soib after air-diving.

Control

1) Roguing is elfective only in stocks showing conspicuous
symptoms.

2) Nosource of resistance Iy known, and heat trearment of
tubers at 37°C does not eliminate PM IV from them.

3) Crop rotation does not control infestation of new land.

4} Newinfestation of fields can be decreased by treating seed
tubers infected with bhoth powdery scab and PMTV with

Fig. 84. Potato mop-top virus: A, in Chenopodium amaranticolor,
showing diagnostic concentric, necrotic ring, local lesions; B,
systemic necrotic “thistle leal” symptoms in Nicotiana debneyi
bait seedlings. (Courtesy R. A. C. Jones)
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lormaldehyde or organomercurial fupgicides.

5) Infection of healthy crops is decreased by treatment of
infested fields with calomel, zine compounds (e.g., Zn0Q), or by
fowering pH to 5 0 by application of sulfur.
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Tobacco Rattle Virus

The tobaceo rattle virus (TR V) causes stem mottle of potato
foliage and spraing of tubers on potatoes throughout Furope
and in widely separated areas of North America and on hosts
other than potato in Asia and South America. Stem mottle is
rare in the field in North America.

Symptoms

Stem mottle primary symptoms oceur on foliage following
feeding by large numbers of viruliferous nematodes on emerging
stems. Secondary systemic svmptoms, more common in
Europe. include some stunted stems with others that appear
normal. Leaves may be mottled, puckered. distorted., or reduced
in size (Plate 69, Fig. 85B). Some European strains cause a
symptom resembling aucuba mosaie, with bright  vellow,
chevronlike stripes, ares. and rings. which may be confused with
other aucubiy mosaies or with mop-top.

Spraing symptoms on tubers viry in type and severity with
the degree of nematode infestation, time of infeetion. strain of
the virus, potato cultivar, environmental conditions such as soil
moisture and temperature, and type of infection {primary or
secondary). Following nematode feeding directly on the tubers,
external primary symptoms may be lacking or range from
prominent concentric rings of alternating living and neerotic
tissue to small necrotic teeks (Plate 70). Some cracking and
various degrees of tuber malformation follow early season
infection with some strains of TRV, Necrosis in the tuber flesh
viries trom prominent necratic ares and rings, usually out not
always originating from surface iestons (Fig. 85A), to diffused
necrotic Hecks having no visible external involvement, Primary
tuber symptoms are simiiar to those caused by mop-top virus
except that the latter tend to be concentrated on the tuber
surface.

Secondary tuber symptoms tend to be maltormation and
internal flecking. Many tubers on stem mottle plants contain
TRV but remain svmptomless. Tubers with mild necrosis tend
to produce maore stem mottle plants than do tubers with severe
necrasis, Certain strains of TRV tend to produce mostly stem
mottle plants, whereas other strains cause mostly spraing.

Stem mottle is more important in seed production. and
spraing is more sericus with table stock,

Causal Agent

TRV is arod-shaped virus, 17-25 nm in diameter, with long
infectious rods (about 180-210 nm), which do not code for coat
protein synthesis. and short noninfectious rods (about 45-115
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nm), which do code for coat protein synthesis (Fig. 85C).
Protein-coated longand short rods are produced only when the
inoculum contains particles of both lengths. Many strains of
TRV are known and may be differentiated serologically,

Isolation of TRV from potato is usuatly difficult, and
difficulty increases with time after harvest. TRV is isolated from
soil by mechanically inoculating leaves of test plants with roots
of bait plants (tabucco or cucumber) iriturated in buffer,

Epidemiology

Incidence of spraing is highest in sandy soils. Twelve species
ol stubby root nematode (Trichodarus or Paratrichodorus)
transmit TRV however, not all of these feed on potato.
{richodorus spp. generally oceur in sandy, open-textured soils
and have been found at depths of 80- 100 em, Fopulations of
Trichodorus hase remained infective in moist soil maintained in
the fuboratory for as long as five vears in the absence of a host,
Phe virus is not retained through the egg or the molt,

Primary tuber infection follows nematodes feeding directly
on tubers, Systemic infection of tubers from root feeding sites
has not been demaonstrated. Systemic movement of TRV oceurs
mostotten at 20-25°Cand is sometimes enhanced by pruning.

Although the disease can be transmitted th rough seed tubers,
fransmission in this manner is infrequent, and the vires is
ultimately selt-eliminating. Nonviruliferous populations of the
Irichodorus varely acquire the virus from infected potato
plants.and tuber dissemination of TRV from infected to virus-
free fields has not been demonstrated. Opinions differ as to the
importance ol tuber dissemination. The virus can be seed-
transmitted in other hosts. Movement of soil infested with

viruhiferous nematodes is probanly the most effective means of

dissenunation.

Other Hosts

IRV can infect more than 400 monocotyledonous and
dicotviedonous speeies in over 50 families. Often it does not
become svstemic, remaining in roots of plants that show no
toliage symptoms,

In Chenopodium amaranticolor, the virus produces necrotic
local lesions. some spreading, but the virus is not systemie, The
hostis used tor diagnosis and for local Jesion assay,

In Cucrnmiy sativus. chlorotic ar necrotie local lesions oceur.
This s a diagnostic host, used for local lesion assay, and is a
good bait plant as roots become infected from nematode
feeding,

On Nicotiana clevelandii. inoculated leaves are svmptomless
or have chloratic or necrotic lesions. Systemically inlected
leaves develop few symptoms or variable amounts of necrotic
flecking and distortion. This is a diagnostic host. also used for
increasing virus titer.

Necrotie tocal lesions are formed on Phaseodus vielgaris in one
to three days. The disease is not svstemic,

Norabacum cultivars White Burley, Samsum NN, and others
often have local lesions and serve for local lesion assay. Theyare
good bait plants as roots become infected.

Control

1) Cultivars resistant to spraing in one ficld may not he
resistant in other fields. even in the same country,

2) Soil fumigants such as I.3-dichloropropene, related C,
hydrocarbons, and dazomet and nonvolatile organophosphate
and carbamate chemicals such as phenamiphos, oxamyl,
aldicarb, carbofuran provide effective control, Effectiveness of
chemicals varies with location,

BSoil fumigation and consecutive plantings of potatoes may
almost climinate the vector from the soil because potato is a
poor host for Trichodorus spp.

4) Rotational or cover crops have been considered of little use
because of the wide host range of the vector and virus, Incidence
of spraing may be reduced in potatoes following cover crops
suchas Hordeum spp.. which are resistant to TRV but are good
hosts for the vector,
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A, necrotic arcs and rings in tubers;
B, severe stunting and leaf distortion; C, virus particles, long and
shortrods, and fragments of rods in cross section (barrepresents
100 nm). (B, Courtesv D. P. Weingartner; C, courtesy R.
Stace-Smith)
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Potato Yellow Dwarf Virus

Potato vellow dwarf virus (PYDV) occurs in Canada and in
the United States in Michigan, New York. and Wisconsin.
Disease outbreaks have not been reported for almost 40 years.

Symptoms

Vines from infected seed pieces are dwarfed and brittle, and
the entire plant has a yellowish cast. Leaflet margins roll
upward, but the longitudinal axis of the leaflet curves
downward (Plate 71). Pith necrosis of stems is common,
appearing shortly after foliage chlorosis. Necrosis beginning
near the growing point may eventually extend the length of the
stem (Fig. 86).

Tubers are usually few, small, and deformed. A dark brown
necrosis, which may easily be confused with heat necrosis,
occurs throughout the tuber. with only the xvlem elements
apparently unaffected (Fip. 86). Failure of infected tubers to
germinate. resulting in widespread stand reduction, is
characteristic.

Causal Agent
PYDVis bacilliform, with particles measuring about 380 X 75

Fig. 86. Yellow dwarf virus: tuber surface cracking, internal
necrosis, and pith necrosis of stem. (Courtesy J. H. Muncie)
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nm. Virions are closely associated with the nucleus of infected
cells. Approximately 200 of the virusis lipid. Of the four major
structural proteins (with molecular weights of 22, 33, 56, and 78
X 10", the largest is a glycoprotein. The virus contains single-
stranded ribonucleic acid (molecular weight 4.6 X 10").

Infectivity of PYDV in Nicotiana rustica sap is retained for
2.5-12hrat 23~27°C. Dilution end point is usually about 107
and thermal inactivation, about 50°C. PYDV does not
withstand desiccation in N. rusticaleaves nor prolonged storage
in frozen leaves. Purification of PYDV is difficult because the
virus is quite labile.

Epidemiology

PYDV. the only known virus borne by leafhoppers that isalso
mechanically transmissible. consists of two closely related
forms, one transmitted by Aceraragallia sanguinolenta but not
by Agallia constricta and another transmitted with the inverse
vector relationship. Agallia quadripunctata has been reported
to transmit both forms. PYDV is propagative in the vector. No
transmission through true seed has been recorded. PYDV is
carried from one generaiion to the next in potato tubers.,

High temperatures enhance vine symptoms and reduce plant
emergence from infected tubers, whereas low temperatures
increase plant or sprout emergence and suppress vine
symptoms,

Other Hosts

In addition to solanaceous plants, vectors have transmitted
the virus to members of Compositac, Crueiferac, Labiatae,
Leguminosae, Polygonacecae, and Scrophulariaceae.

N. rusticaand N. glutinosa can be mechanically inoculated by
rubbing.

In N. rustica, primary lesions occur, followed by systemic
invasion. This host serves for virus assay and propagation.

Chrysanthemum leucanthemum var. pinnatifidum, oxeye
daisy. is the principal source of infection for potato crops.

Contro!

1) Plant certified seed produced in areas where PYDV is not
found.

2) Plant certified sced produced as far as possible from clover
fields in infested areas to avoid the clover leathopper,
Aceratagallia sanguinolenta, which ean harbor the virus
through the winter. Table stock potatoes should not be planted
adjacent to clover fields in infested areas.

3) Plant tolerant cultivars. Cultivars shown to be ficld-
tolerantare Chippewa, Katahdin, Russet Burbank, and Sebago.,
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Alfalfa Mosaic Virus

Alfalfa mosaic virus (AMV) is found worldwide but is
generally cansidered of little cconomic importance in potatoes.



Symptoms

AMV may induce predominantly calico symptoms on foliage
(Plate 72) or necrotic symptoms in tubers. Calico symptoms are
pale to bright mottling or blotching of potato leaflets, with all or
large sectors of leaflets vellow. The plant may be slightly
stunted. Leaflet necrosis is common and may extend into the
stems and to the tubers.

Tuber necrosis, usually visible by harvest, begins just beneath
the epidermis at the stolon attachment and later spreads
throughout the tuber, leaving scattered dry, corky areas. Tubers
may be misshapen, cracked, and few per plant. Disease severity
varies with virus strains and potato cultivars.

Causal Agent

AMVY consists of several differently sedimenting nucleoprotein
species (Fig. 87). each with a width of about 18 nm and
containing about 184 ribonucleic acid (RNA). The larger
particles appear to be bacilliform, with approximate lengths of
58, 49, 38. and 29 nm, whereas the smallest particle, 19 nm in
diameter, is probably icosahedral. Molecular weights for the
encapsidated RNAs are about 1.3, 1.1, 0.9, and 0.3 X [0°. A
single structural protein with a molecular weight value between
24,500 and 32,600 has been reported. The largest three
nucleoprotein components or all four RNA molecules are
necessary for infection. The structural or coat protein can be
substituted for the smallest RNA molecule to initiate infection,
AMYV is moderately immunogenic. and no serological
relationship to other viruses has been found.

Thermal inactivation is usually between 60 and 65° C but may
range from 5010 75°C. The dilution end pointis generally in the
vicinity of 10", and longevity in vitro is from 4 hr to four days.
Infectivity in leaves persists at —18°C for more than a year.

Epidemiology

Mechanical inoculation with sup by rubbing is generally
effective. AMV s transmitted in the styletborne or
nonpersistent manner by as many as 6 aphid species, including
Myzus persicae. In potato, AMV may be transmitted by tuber-
core grafting and can be carried from season to season in tubers,
Although AMVis seed-transmitted in some alfalfa varieties and
in chili pepper, trarnsmission through true potato seed has not
been demonstrated.

P %

Fig. 87. Alfalfa mosaic virus particles: A, of various sizes i

B

n purified preparation, fixed in 2% glutaraldehyde and negatively stained in 1%

Other Hosts

Natural infection is known for 47 plant species in 12 families:
over 300 species have been experimentally infected,. AMYV s
highly variable, with numerous strains causing different
reactions on test plants.

Phaseolus vulgaris (French bean) and Vigna sinensis
generally show local lesions and or systemic infection and serve
as diagnostic and assay plants.

Vicia faba and Pisum sarivum exhibit black, necrotic, local
lesions and stem necrosis: plants die.

In Chenopodium amaranticolor and C. quinoa, local lesions
and systemic chlorotic and necrotic flecks are produced.

Nicotiana 1abacum is a good propagation species, with
necrotic or chlorotic local lesions and systemic mottle.

Control

1) Potatoes should not be planted adjacent to known
reservoir hosts such as alfalfa or clover, especially when cultural
practices promote aphid movement into the potato crop.

2) Volunteeralfalfa, clover. or potato plants that may serve as
an initial source of inoculum should be removed from a potato
field.

3) Visibly infected potatoes should be rogued during the
growing season.

4) Certified seed should be planted cach vear.

5) Spraying to reduce vector populations is of dubious value
because of the short time required for transmission,
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phosphotungstate; B, one type of particle aggregation occurring in infected tissue (ch = chioroplast, v = virus). Note the pronounced
swelling of virus particles in A versus those in B. Bars represent 100 nm. (Courtesy G. A. de Zoeten and G. Gaard)
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Potato Aucuba Mosaic Virus

Potato aucuba mosaic virus (PAM V) is found worldwide but
is not common. It is also called tuber blotch.

Symptoms

These depend both anvirus strainand potato cultivar (Fig. 88
A and B). They include bright vellow spots, mostly on the lower
leaves: deformation and stunting without vellow spots: mosaic
and top necrosis: and necrosis and sometimes deformation of
the tubers (tuber bloteh) (Fig. 88C).

Foliage symptoms may be lacking in the second vear after
infection and later. Tuber necrosis generally develops during
storage and its development s more severe at higher
temperatures (20-24°C) than at lower ones. Necrosis of the
tubers can be both on the surface (brown patches and sunken
brown areas) and in the flesh,

Fig. 88. Potato aucuba mosaic virus: A, bright yellow mosaic
mottle; B, deformation; C, tuber necrosis; D, necrosis of
inoculated leaves and systemic leaf necrosis in pepper. (Courtesy
J. A. de Bokx}
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Originally, PAMV (potato virus G) and potato tuber blotch
virus (potato virus F) were described as different viruses. Now
the latter is considered to bea strain of PAMV, Many strains are
known and can best be differentiated by using various potato
cultivars.,

Causal Agent

PAMYV has filamentous particles, 580 nm longand 11-12 nm
wide. The virusis transmitted mechanically and by aphidsin the
nonpersistent manner (stvlethorne) when aided by “helper”
viruses, including potato viruses Y or A,

The virus is strongly immunogenic. Antisera can be used for
identification by the precipitin test.

Other Hosts

On Capsicum annuum, brown, irregular concentric local
lesions appear after 8-10 days. followed by systemic symptoms
such as vein clearing, deformation, and severe necrosis (Fig,
88D) and sometimes by complete killing of the plants. PAMYV
can be differentiated from mop-top virus, which produces
similar symptoms on potato, because the latter does not infect
C. annuum systemically.

Nicoriana glutinosa exhibits mottle and vein banding.

In N rabacum. PAMV usually produces symptomless
systemic infection.

Some strains produce small round yellow spots on lower
leaves of Lycopersicon esculentum.

Control
Remove infected plants from seed fields.
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Tobacco Ringspot Virus

Sofar, Andean potato calico caused by tobacco ringspot virus
(TRSV) has been confirmed only in Peru, but preliminary tests
indicate its presence in other Andean countries.

Symptoms

Bright yellow arcas on the margins of middle and upper leaves
gradually increase in size to form large patches or even to affect
the whole leaf (Plate 73). Most of the plant foliage may
eventually turn yellow without stunting or leaf deformation
(Plates 73 and 74). In experimentally inoculated potato, the
primary reactions are local and systemic necrotic spots,
ringspots, and sometimes systemic necrosis.

Causal Agent

Particles are isometric, about 28 nm in diameter. Purificd
preparations show empty particles and particles with infectious
or noninfectious nucleoprotein, The virus is highly
immunogenic. TRSV occurs in nature as six well-characterized,
serologically related strains. The Andean potato calico strain is
serologically related, but notidentical, to the others. In tobacco
sap its thermal inactivation point is 55-60° C; longevity in vitro,
9-11days; and dilution end point, 107 — 10", TRSV s similar in
certain respects to potato black ringspot virus,



Disease Cycle

The virus is probably introduced to uninfested soil when
infected seed tubersare planted. Seedlings from infected seed of
some weed species may also act as virus reservoirs.
Transmission to potato plants has not been investigated. but the
virus is transmitted in other crops by the nematode, Xiphinema
americanuni, thrips, Thrips tabaci; the tobacco flea beetle,
Epitrix hirtipennis; and other vectors, However, sporadic field
aceurrence of calico fits the pattern of spread by a nematode
veetor.

Epidemiology
Cool temperatures favor disease development in potato
plants. High soil moisture may favor the nematode.

Other Hosts

TRSV transmits mechanically to at least 38 genera in 17
families. usually inducing symptoms of chlorotic or necrotic
spotting.

In Nicotiana tabaciom. it produces local and systemic
chlorotic and necrotic ringspots and line patterns, followed by
svstemic svmptomless infection (Fig, 89A),

Vigna sinensis exnibits reddish necrotie lesions in inoculated
leaves. followed by systemic apical necrosis (Fig. 89B).

In Cucumis sativus, symptoms are chlorotic or necrotic
lesions in inoculated leaves, systemic chlorotic spots, mottling,
and apical distortion,

Control
1) Roguing infected plants is effective because the disease is
sporadic and susceptible cultivars show conspicuous symptoms.
2) TRSV is sometimes controlled 1w other crops by treating
infested ficlds with nematicides.
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Tomato Black Ring Virus

Tomato black ring virus (TBRV) affects potato in Northern
and Central Europe but normally is uncommaon.

Symptoms

Primary systemic symptoms, necrotic spots and rings on
leaves, develop in only a few plants. Often plants are
symptomless the first vear of infection. In the second year,
chronic symptoms develop: tip leaves may be cupped (spoon-
Shaped) and slightly misshapen, with necrotic spotting and
plants somewhat stunted (bouquet) (Fig. 90). In the third year,
plants develop only chronic symptoms. Bright yellow leaf
markings are produced by the pseudo-aucuba strain. Tubers are
intected sympiomlessly, and some tubers from diseased plants
are healthy. Although loss of vield in individual plants with
secondary symptoms averages 20--306, this is not a major
disease because it oceurs only sporadically.

Causal Agent
Yarticles are isometric and about 30 nmin diameter. Some are
full and some empty. The virus is strongly immunogenic. In
tobacco san, thermal inactivation is 60-65°C: dilution end
. -1 -4 . . .
point, 10" -107"; and longevity in vitro, two to three weeks.

Fig. 90. Tomato black ring virus systemic necrotic spotting in
naturally infected Majestic variety. (Courtesy B. D. Harrison)
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Disease Cycle

TBRYV is soilborne and transmitted by Longidorus spp.
nematodes. L. arrenuatus transmits the bouquet strain and L.
elongarus the pscudo-aucuba strain. The virus is not retained
through the moult, and infective nematodes kept in fallow soil
lose infectivity after about nine wecks.

The most important means of survival in infested land is in
infected weeds and their seeds. TBRYV is sced-transmitted in at
least 24 species in 15 families. Seeds also serve as vehicles for
dissemination of the virus to new sites, as do infected seed
tubers. Short distance movement may occur by nematodes in
infested field soil. Healthy crops become infected when planted
on infested land.

Epidemiology

Cool climates favor development of disease in potato plants.
Activity of the nematode vector is favored by high soil moisture,
with resultant spread to healthy potato plants.

Other Hosts

TBRV can be mechanically transmitted to a wide range of
hostsin at least 29 families and naturally infects many weed and
crop plants,

Chenopodium amaranticolor and C. quinoa exhibit chlorotic
or necrotic spots and rings in inoculated leaves and systemic
necrosis or chlorotic mottle,

Nicotiana rustica and N. tabacum show necrotic or chlorotic
spots or rings in inoculated leaves and systemic spots, rings, and
linc patterns with variable amounts of necrosis. Leaves
produced later appear normal but contain virus.

Cucumis sativus is a useful bait plant for virus detection in soil
samples, producing chlorotic or necrotic local lesions and
systemic mottling. Leaves produced later may develop enations.

Control

1) Roguing is effective if seed stocks are not later reinfected by
being planted in infested land.

2) Nematicide soil treatments decrease incidence of infection
when healithy crops are planted.
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Potato Yellow Vein Virus

Vein yellowing, caused by the potato yellow vein virus
(PYVV), is very common in the highlands of Ecuador and
southern Colombia. Apparently PYVVis poorly invasive in the
plant: tuber transmission is not regular and tuberborne
infection may be very slow in symptom expression.

Newly developed symptoms are bright yellow veins and, in
some cultivars, interveinal yellowing, Later the leaves become
yellow and the veins may turn green ( Plate 75). These colors are
most distinct in leaves that had expanded before the onset of the
disease. Affected plants are spectacular because of the inwensely
bright yellow color, which remains distinct throughout the life
ofaffected leaves. Lexves with symptoms are somewhat rougher
than are leaves that appear healthy. Some rugosity and necrotic
spotting may also develop. Tubers are deformed, with eyes
protruding as knobs suggestive of second growth. Yields may be
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reduced by 50%;.

The PYVV particle is isometric and 26 nm in diameter
(Salazar, L. F., and B. D. Harrison. 1980. Personal
communication). The vector in nature has not been identified.
The disease is graft-transmitted and can be mechanically
transmitted to Datura stramonium only with difficulty.
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Tobacco Necrosis Virus

Tobacco necrosis virus (TNV) occasionally affects the
cultivars Duke of York (Eersteling) in the Netherlands and
Sieglinde in laly.

Symptoms

Only tubers react to infection (Fig. 91). The skin of recently
lifted tubers shows dark brown lesions with radial or reticular
cracks, Parallel or star-shaped cracks may resemble scab
lesions. Superficial lesions are circular or bandlike, and light
brown patches about the same size as the radial cracks occur.
Blisters, sometimes visible at harvest, may develop during
storage and later become sunken, covering most of the tuber
surface.

Causal Agent

TNV has a wide host range, and little is known about the
discase of potato. Inoculation of Duke of York tubers with
TNV has been unsuccessful. Diseased tubers produce a healthy
or nearly healthy progeny.

TNV rarcly becomes systemic, is transmitted naturally to
plant roots by zoospores of Olpidium brassicae, infects both
monocotyledonous and dicotyledonous plants, and after
mechanical inoculation typically produces local lesions on
leaves.

Fig. 91. Tobacco necrosis virus: early and late symptoms on
tubers. (Courtesy D. Peters)
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Deforming Mosaic

Relatively little is known about this disease, although it is
cconomically important in Argentina.

Secondary symptoms appearing soon after plant emergence
are severe mosiic and irregular occurrence of vellowish green
patterns. Leaves arc distorted. and leaf surfaces are ;ough, with
interveiral tissue extending above the veins. Later in the season,
severity of symptoms lessens, and infection may be masked.

Tubers are symptomiess, internally and externally. Tuber
transmission of the virus is not consistent, and up 1o a third of
the tubers from infected planis may produce healthy plants.

The disease is graft-transmitted to Solanum demissum and S,
chacoense and then readily transmitted to potato. It has not vet
beea transmitted meckanically nor by aphids. The potato
cultivar Huinkul is rapidly infected in the field. with losses of
20 or more (Fig. 92). Others, Kennebee and Pontiac, usually
do not show symptomns under similar exposure.

Early roguing of discased plants in seed fields is
recommended.
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Tomato Spotted Wilt Virus

The tomato spotted wilt virus (TSWV) occurs worldwide but
is more frequent in subtropical and temperate regions of the
African, American, and Australian continents than in Europe
and Asia. Losses in potato can be extensive,

Symptoms

Primary symptoms are necrotic spotting of leaves. stem
necrosis, death of the top of one or more stems, and occasionally
death of the whele plant (Plate 76). More frequently, however,
only the upper parts die.

Local chlorotic or necrotic lesions may appear at points of
thrip feeding (Fig. 93A and D). Pale green upper growth may
precede the onset of systemic necrotic spotting. Leaf lesions
appear as single necrotic rings around a central green area with

or withouta central dot, as concentric necrotic ri 1gsinterspaced -

with green tissues, or as solid necrotic spots with concentric
zonation semewhat resembling Alternaria eaf spot. Necrotic
lesions appear also in the petioles and veins and in the stem
(cortex and or pith). Axillary buds may sprout in necrotic
plants with chlorotic concentric ringspots.

Tubers produced by infected plants may appear normal or
they may be malformed, with cracks and internal rusty or dark
necrotic spots. Spots are visible when the tuber is cut or may be
visible through the skin, sometimes as concentric patterns (Fig.
93B and C).

Secondary syraptoms on shoots from infected tubers may
include necrosis, carly death, varying degrees of stunting, ora
rosette type of growth with coarse, dark green leaves. Leaves
may show necrotic spotting or chlorotic concentric ringspots.

Many diseased plants survive with minimal vield of tubers,
which are generally small and malformed.

Causal Agent

TSWYV consists of isometric particles 70-100 nm in diameter
(Fig. 93F). They contain ribonucleic acid and 19% lipids.
Particles occur singly or in clusters inside membrane-bound
structures that correspond to cisternae in the endoplasmic
reticulum or nuclear envelope. The virus membrane may be
partly of cellular origin. Virus particles occur in leaf, stem, and
root tissues and are present in all types of leaf cells except
tracheids.

TSWV is unstable in plant extracts but more stable with
buffers near pH 7 containing a reducing system such as sodium
sulfite, thioglycollate, or cysteine. Inactivation is at 50° C for 10
min; longevity in vitro is 2-5 hr: infectivity is lost at relatively
low dilutions. TSWV is serologically active.

The virus occursin nature as a series of strain complexes with
certain strains predominating in potato and thus differing, in
part, from those affecting other crops. Some strains tend to
become localized in potato leaf tissues when inoculated
individually but may invade the plant systemically in the
presence of others that act in an auxiliary capacity.

Fpidemiology

The spotted wilt virus is vectored by thrips: Thrips tabaci,
Frankliniella sckultzei, F. fusca, and F. occidentalis. The first
two are involved in spread in potato. The virus is acquired only
by immature stages of thrips and transmitted only by adults.
Therefore, symptoms of a new infection transmitted from other
potato plants by thrips may not appear for several wecks while
the vector is developing.

Transmission is unlikely through true seed of potato,
although some transmission through seed of other plants has
been reported.

Virus perpetuation in either normal or malformed tubers may
reach 30-40¢ but generally does not exceed 5%, Some tubers
from a diseased hill may be virus-free, and some buds from a
diseased tuber carry the virus whereas others do not.

The spotted wilt virus can be transmitted mechanieally with
relative case if infected leaves are triturated with a reducing
substance.

Mechanical transmission in potato apparently does not occur

Fig. 92. Deforming mosaic in cultivar Huinkul. (Courtesy A. V.
Calderoni)
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naturally. Potato, more resistant to mechanical inoculation
than most other suscepts, is most effectively inoculated on the
voung tips of plants near the flowering stage with virus from
potatoes rather than from other hosts.

Spotted wilt in potato is scasonal. Spread generally oceurs in
late spring and early summer, occasionally later. and sometimes
erratically.

Most field infection occurs as viruliferous vectors move into
potato from outside sources. Field incidence may be patchy,
especially during early growth or when incidenee is low. High
densities of the vector, even if present for only short periods,
seem more necessary for widespread potato infection than for
infection of other crops such as tobacco and tomatoes,

In Australia, thrip populations increase when the rainfall is
satisfactory without being excessive and when the temperture
steadily rises as summer -~pproaches. In contrast, high
temperature and lack of moisture are adverse to vector
breeding. Elsewhere, potato spotted wilt is more prevalent in
dry rather than in wet seasons.

Other Hosts
TSWV infects dicots and monocots of more than 30 families,
annuals and perennials, and many crop, weed, and ornamental

plants. Tomato and tobacco are much more severely damaged
than is potato.

Petunia hybrida is a local lesion host. (Lesions appear in two
to four days on intact or detached leaves.) It is usually not
systemically infected.

Phaseolus vulgaris (Manteiga and related cultivars) exhibits
chlorotic toeal lesions in three to six days (Fig. 93E).

Nicotiana tabacum (Samsun NN, Turkish NN, Blue Pryor),
N. clevelandii, N. glutinosa, and N. rustica show local lesions,
systemic necrosis, and leaf deformation. They are used for local
lesion assay and virus purification,

Tropaeolum majus, Cucumis sativus, and Vinca rosea are
good diagnostic species.

1. majus and Gomphrena globosa are used for maintaining
cultures.

Resistance

Some field resistance is present in Kathadin and Snowflake,
in some of their hybrids. and in Brownell, Browns, and Epicure.
This level of field resistance breaks down easily under severe
exposures. Potato is more susceptible to infection during the
growing phase than it is after flowering, when plants become
increasingly resistant.

Fig. 93. Tomato spotted wilt: Aand D, lesions on potato leaves; B and C, symptoms within and on tubers; E, local lesions on bean leaves; F,

purified virus. Bar represents 1 um. (A-E, Courtesy A. S. Costa: F, courtesy E. W. Kitajima)
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Control

1) Avoid locations in which severe outhreaks have occurred
frequently, and because of virus reservoirs in ornamental and
vegetable plantings, avoid locations near residences.

2) Seleet higher elevations when possible,

3) Early cultivars and carly plantings may escape infection.

4 Insecticides  (foliage sprays or svstemic granulated
compounds) in the planting or on border catch crops have been
used with varying effectiveness in various crops.
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Potato Spindle Tuber Viroid

Reliable reports of potato spindle tuber viroid (PSTV)
causing spindle tuber in commercial plantings have been made
from the United States, Canada. and the USSR, The viroid also
causes a tomato discase in South Africa.

Symptoms

Vine symptoms are seldom evident before blossom time.
Stems and blossom pedicels are slender, longer than normal,
and remain upright. Leaflets, slightly small and with fluted
margins. tend to curve inward and overlap the terminal leaflet.
Angles between stems and petioles:  more acute than normal.

XN » 0

Fig. 94. Spindle tuber viroid: A, early symptoms; B, symptomiess

plants.

Leaves near the grourd are noticeably shorter and upright,
contrasting with hea .hy leaves, which rest on the ground (Fig.
94). As the season advances, diseased plants are restricted in
growth and become harder to identify because of intertwining
with neighboring healthy plants. The severe strain (unmottled
curly dwarf) causes enhanced symptoms, twisting of leaflets,
and rugosity of leal surfaces. Under some light conditions,
plants with spindle tuber show a dull leaf surface, less reflectjve
of light than normal leaf surfaces.

Tubers are elongated, round in cross section, and tend in
some cultivars to have pointed ends. The pointed stem end is
more characteristic than elongation; the round cross section. in
contrast to the flat cross section of normal tubers, is a diagnostic
feature (Fig. 95A and B). Tuber symptoms become more
marked as the season advances. Russet skins become smooth:
red skins become pink; and purple skins turn a lighter lavender.
Eves appear to be more numerous; they have characteristic
indentation with heavy brows. Necrotic spots often appear
around lenticels. Surface cracking, usually parallel to the long
axis, is frequent. In some cultivars, knobs and swellings appear
and tubers are severely misshapen. Extensive necrotic tissue
may also occur in the flesh. Not all tubers from diseased plants
show all or even any of these symptoms, however, and some
tubers from healthy plants resemble spindle tubers. Attempting
to reduce spindle tuber by sorting out discased tubers is not
effective,

In potato. mild strains with indistinct symptoms outnumber
severe strains by a ratio of 10:1 and cause yield losses of 15-25C,
whereas severe strains with distinct symptoms cause a 656 yield
loss.

Causal Agent

PSTV is a viroid, an extremely small RNA molecule with
molecular weight of 100,000~125,000. It is circular and has no
protein coat. Thermal inactivation is 75-80° C in 10 min and, in
phenol-treated preparation, 90-100° C. Other plant viroids cause
similar symptoms in tomato. Polyacrylamide gel clectrophoresis

Fig. 95. Potato spindle tuber viroid: A, symptomiess tuber; B,
infected tuber; C, local lesions on Scopolia sinensis (right half of
leaf was inoculated). D, Tomato plants 56 days old: left, healthy;
center, inoculated with potato spindle tuber viroid at 14 days;
right, inoculated in cotyledon stage. (Courtesy R. P. Singh)
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shows PSTV nucleic acid produced by all strains of PSTV as a
band additional to those in healthy plants.

Epidemiology

Transmission is largely mechanical. principally by man
himself and to a lesser extent by chewing insects. Fvidence that
sucking insects are involved is inconclusive. This is one of the
few potato discases transmitted readily by pollen and true seed.

Other Hosts

About two to three weeks after inoculation of Lycopersicon
esculentum with severe strains, new leaflets show marked
rugosity, epinasty. and down-curling (Fig. 95I). Internodes
become shorter, forming a rosette or bunchy top. Later veinal
necrosis can become very severe. With mild strains, symptoms
are slight epinasty and stunting. Bunchy top is increased in
continuous light of 1,000 FC or more. Mild strains temporarily
cross-protect against later inoculation with severe strains, and
the reaction can be used to demonstrate the presence of mild
strains in otherwise symptomless plants,

Scopolia sinensis responds with dark brown, necrotic local
lesions in two or three weeks and later with systemic necrosis
(Fig. 95C). Severe strains cause symptoms earlier than do mild
strains. Optimum conditions are manganese-rich soil nutrition,
18-23°C incubation in not over 300-400 FC of light.
preinoculation shading, and inoculum in 0.05 A7 K,HPO,. pH
9.0, buffer. Certain insecticides severely impair local lesion
formation.

Many plant species belonging to most genera of the
Solanaceac are symptomlessly infected. PSTV also infects
members of the Amaranthaceae, Boraginaceae, Campanulaceae,
Caryophyllaccac. Compositac, Convolvulaceae, Dipsaceae,
Sapindaceae. Scrophulariaceae, and Valeriaceae.

Control

1) Use seed tubers known to be free from PSTV, such as
government-inspected certified seed.

2) Avoid mechanical transmission by planting whole, rather
than cut. seed. and avoid leaf contact by equipment in field
operations.

3) Decontaminate knives and other equipment by dipping
them in or washing them with sodium by pochlorite (0.25¢,) or
caletum hy pochlorite (1.0¢,).

4} Roguing of discased plants in seed fields is ineffective
because of indistinet plant symptoms,

5) Plant seed fields with whole (uncut) tubers and wide
spacing for large tubers or by the tuber unit method: the latter
aids in discase identification but introduces the danger of
transmission during cutting,
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Sugar Beet Curly Top Virus

Curly top. caused by the sugar beet curly top virus (BCTV),
moves slowly through the potato plant and is apparently now of
little importance.

Current season symptoms consist of dwarfing. vellowing,
clongation, and upward rolling of the midrib of terminal
leaflets. Leaflets near the growing point have marginal
yellowing, elongation. cupping. rolling. twisting, bulging. and
roughness (Fig. 96). Tuber-perpetuated symptoms are
extremely variable. Tubers from infected plants mayv produce
healthy appearing plants, sprouts delayed in emergence or
failing to emerge. orsprouts having extremely short shoots with
unmottled leaves ranging from dark to light green and vellow.
The green dwart symptom consists of shoots delaved in
emergence with deaves failing to unfold completely and
remaining stiff and ereet. As stems elongate, they stay stiff and
erect, with the growing point pinched together.

Symptomsare remarkably similar to certatn symptoms of the
mycoplasma yellows disease and therefore may hanve escaped
identification.

Transmission in nature is ov the leathopper, Circulifer
(Neoliturus) renellus, in which the virus is circulative.
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Fig. 96. Sugar beet curly top virus, showing leaf rolling and
dwarfing. (Courtesy N. J. Giddings, from Bennett, C. W., 1971)



Mycoplasmas

The “yellows™ types of disease, characteristic of mycoplasma
infections that have been studied in some detail possess rather
broad host ranges. Some have been reported to infect potato in
the field or have been transmitted to potato experimentally.
Unfortunately, discase symptoms in the potato itself are hardly
of diagnostic value exeept to distinguish two large groups of
agents, those causing the aster yellows and the witches' broom
types of disease.

Mycoplasma-like organisms (MLO), formerly considered
viruses with somewhat unusual characteristics, were first
demonstrated in plants in 1967 by electron microscopy. Actual
proof thut MLO cause discase in potato is needed by Koch’s
postulates, although the presence of MLO in plant tissue
constitutes the best evidence so far availabie. More accurate
methods of differentiating between these pathogens are urgently
needed, particularly because potato is a relatively incompatible
host.

None of these diseases is contact-transmissible. Grafting is
often used for experimental transmission. All of the pathogens
relv on leathoppers for transmission and dispersal, and their
oceurrence and  distribution is determined by leathopper
activity. Variations in symptomatology. host range. or vector
relations of different source materials of cach discase suggest
that strains of these pathogens occur.

Symptomsand MLO may be suppressed by antibiotics of the
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Fig.97. Aster yellows mycoplasma in potato: A

tetracycline group, and individual plants may be cured by heat
therapy.

Aster Yellows and Stolbur

Asteryellows and its allied diseases occur worldwide. Stolbur
is found in Europe, tomato big bud in Australia, purple top roll
in the Indian peninsula of Asia, and parastolbur and
metastolbur in Europe. In the western hemisphere, aster yellows
has been variously called purple top wilt, yellow top, bunch
top. purple dwarf, apical leafroll, haywire, latebreaking virus,
blue stem, and moron.

Symptoms

Upper leaflets roll and develop purple or yellow pigmentation
(Plate 77). Aerial tubers are common, and occasionally some
proliferation of axillary buds occurs (Plate 78). Often only a
single stemina hillis affected. Plants are often stunted and may
die prematurely (Fig. 97A and B). Under field conditions, lower
stems frequently develop cortical necrosis, shredding of tissue,
and vascular discoloration.

Atharvest, an affected hill usually has some normally mature
and some immature tubers. In stolbur, flaccid (gummy) tubers

r
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» Primary symptoms; B, advanced wilting of stolburin left stem with stem at rightunatfected;

C, aster yellows mycoplasma in infected tissue of aster (electron microscope photograph, bar represents 1 um. (A and C, Courtesy N. S.

Wright; B, courtesy V. Valenta)
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may form.

When the causal agents survive storage in seed tubers, plants
in the second year develop symptoms. In the more usual
situation, in which causal agents fail to survive in seed tubers,
plants in the second year may be normal. lack diagnostic
symptoms. be smaller than normal. or fail to emerge. Hair
sprouts frequently develop on tubers from infected plants (Plate
79). Plants with stolbur may bear simplified “round”leaves. but
this symptom disappears in subsequent years.

Causal Organisms

Mycoplasmalike orzanisms (MLO) occur in phloem sieve
cells and occasionally in phloem parenchyma cells of infected
plants (Fig. 97C). They are pleomorphic, lack a cell wall, and are
bounded by a unit membrane. MLO varyindiameter from 50 to
1,000 nm. The larger. more prevalent forms are roughly
spherical and contain a central fibrillar network of strands.
presumably DNA. and a peripheral area of ribosomelike
granules. The presence of elongate forms and small, dense
“elementary bodies™ suggests propagation by binary fission,
budding, or fragmentation.

Epidemiology

The principalleafhopper vector of aster yellows, Macrosieles
Jascifrons, overwinters on weeds, grasses. and small grains. The
favorite host of the main vector of stolbur, Hyalesthes
obsoletus, is perennial bindweed, Convolvulus arvensis, which
simultancously acts as the main inoculum reservoir plant.

All pathogens are transmitted by and propagative in
leafhoppers. Potato is not a favored host and usually escapes
extensive disease incidence. Stolbur is an exception that, in
certain European regions, mav  become very destructive.,
Leafhopper vectors do not complete their life eyeles on potato.
Neither nymphs nor adults can acquire the pathogen from
potato. Transmission to potato occurs only when the leathopper
has fed on some other infected hosts two to three weeks before
feeding on potato.

Other Hosts

Many vegetable, ornamental, field crop plants, and weeds are
among the 350 species from at least 54 families susceptible to
aster vellows,

Witches’ Broom

Witches'broom. also called northern stolbur and dwarf shrub
virosis. has been reported from North America, Europe, and
Asia but is of minor economic importance. Several distinet
pathogens or strains of a single pathogen may be involved in
different geographical areas.

Symptoms

Symptoms are generally similar. Plants have many axillary
and basal branches with simple “round” leaves, which may be
chlorotie (Fig. 98A). This disease is distinct from wilding, a
somatic aberration. Current symptoms appearlate, if atall, and
consist of an upright habit of growth, rolling of leaflets, and
some chlorotic or anthoeyanin discoloration in apical leaves.
Most strains cause no flower symptoms. but witches' broom
strains of central and castern Europe are characterized by
virescence, phyllody, and associated flower symptoms (Fig.
98B).

Mycoplasmas of witches® broom are tuber-perpetuated, in
contrast to those of aster yellows, which usuvally are not.
Affected hills usually produce tubers that appear normal during
the year of infection but give rise to plants with advanced
symptoms the subsequent year. Tubers fron infected plants
frequently produce hair sprouts. Such plants have many small
tubers and an abnormally high number of sprouts with
simplified, small leaves. Occasionally these symptoms follow
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carly infections during the current season. Infected tubers
usually lack dormancy.,

Causal Organism
Pathogens are mycoplasmalike organisms, such as those that
cause aster vellows,

Epidemiology

The pathogens are transmitted by leafhopper vectors,
Ophiola (Scleroracus) flavopictus, S. dasidus (Fig. 98C). and S.
halli, in which they are propagative. In most areas. the vectors
are not yet known, nor are the natural host ranges of the
pathogens,

Leafhoppersare unable to acquire the pathogen from potato,
Spread to potato occurs when a vector feeds on oth-r infscted
hosts several days before feeding on potato. Witches' broom in
perennial legumes is usually more serious than in potato because
the former are preferred hosts by the vector and inoculum is
usually available within the crop.

Other Hosts

Lycopersicon esculentum, Cyphomandra betacea, and
Nicotiana tabacum have been used to distinguish between
strains,

Medicago sativa, Melilotus alba, or Lotus corniculatus serve
as natural reservoirs and may be used as indicator plants,

Trifolium repens is also susceptible.

Control

1) Generally these diseases are of minor importance and do
not justify elaborate control measures.

2) Control lcafhopper migrations into potato fields by

Fig. 98. Witches' broom: A, in potato plant; B, current season,
medium intensity flour phyllody of Czechoslovak type II; C,
Scleroracus dasidus female, one of the leathopper vectors. (A,
Courtesy N. S. Wright; B, courtesy V. Valenta: C, courtesy J.
Raine)



modifying cultural practices and by using insecticides.

3) Spread from potato to potato is believed not to occur.

4) Heat treatment may be useful on individual plants,

5) Remission of symptoms often follows treatment with
tetracvelines,
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Insect Toxins

Psyllid Yellows

This disorder results from inscet feeding, and no infectious
microorganism is involved.

Onvines, voung leaves, whichare often red or purple. become
erectand have cupped hisal portions. Nodes of voung stems
become enlarged: the axillary angle between stems and petioles
is Jarger than usual: and acrial tubers or stocky shoots, Ire-
guenty roscited, format the feat axils. Plants have a pyranidal
shapeand are generally vellow or bronzed. In adsanced stages,
olderleaves rollupward, become vellow with necrotic arcas, and
break down rapidlv. The tip leaves torm a rosetie (Plate 80),
Plants do not generally wilt even under extreme drought,

Border parenchyma surrounding the phloentis first afiected,
and later tissue breakdown extends laterally. causing phloem
necrosis. Abnormally large deposits of starch develop in the
cortey and pith.

Few it anv tubers are set on plants attacked in carly
development. When older plants are affected. stolon tips may
produce sprouts and secondary shoots that emerge from the soil
as small plants. Masses of small tubers may form on secondary
stolon branches, or successive tubers may fornt ona stolon in a
chain or beadlike arrangement.

Abnormally small tubers sprout without a dormant period.
Similarly, dormancy mayv he lacking in tubers that appear
normal. Because of the many small tubers, the number of
marketable tubers is greatly reduced.

The disorder is not tuber-transmitted. Artificial methods of
transmission from plant to plant have not been successful.

Tubers from affected plants produce plants that appear normal
except for a slightly spindly or weakened appearance. Sced
tubers from affected fields are not of satisfactory quality.

The disease results from toxic substances introduced during
feeding of nymphs of Paratrioza cockerelli, the tomato or
potato psyllid. also known as the jumping plant louse. As few as
three to five nymphs may cause ear?; symptoms, but higher
populations (15-30 per plant) are required for full symptom
expression. Adults up to 1000 per plant do not induce
symptoms. Progress in symptom development s stopped
abruptly when nymphs are removed, and affected plants
frequently recover.

During the 1930s, the disease caused considerable damage in
the United States west of the Missoun Riverand extending from
New Mexico into Canada. In certain areas it was the most
destructive disease. Symptoms are most severe in high intensity
sunlight, at high field temperatures, and during drought,

Similarity between psyllid yellows, the mycoplasma disorder
haywire, leaf rolls of various types. and Rhizoctonia has caused
some confusion in diagnosis.
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Nematodes

Nematodes pathogenic to potatoes (Table 1) occur in all
climates and cause serious crop losses. but much of this damage
is unrecognized or atributed to other causes. Because
nematodes attack roods and tubers, no diagnostic symptoms

appear on aboveground parts of the plant except for unthrifty
top growth resulting from poor root systems. Low densities in
the soil cause no top symptoms but may reduce tuber yields. As
the world population increases, soil suitable for potato culture

93



will become more scarce. Consequently, potatoes will be grown
more frequently on the best potato land, and because
monoculture encourages nematode population increase,
nematode damage to potatoes will increase dramatically.

Confining nematode populations to areas where they already
exist by restricting movement of infected seed tubers and plants
may be the most effective way of preventing loss of productive
land. Care in purchase of seed and prevention of shipment of
infected seed into nematode-free areas cannot be over
emphazied.

Selected Reference
WINSLOW, R, D, and R. J. WILLIS. 1972, Nematode diseases of

potatoes. Pages 17-48 in: J. M. Webster, ed. Economic Nematology.
Academic Press, London and New York. 563 pp.

Potato Cyst Nematodes

Cystnematodes, Globodera (Heterodera)spp.. also known as
golden nematodes or potato root eelworms, are present in most
countrics of northern and central Europe and to a lesser extent

in southern Europe, Newfoundland, British Columbia, Greeee,
Isracl, Tunisia, South Africa. New Zealand, and Japan. Reports
from Asia are incomplete.

Both G. rostochiensis aad G. pallida oceur in South America
and Europe. Only G. pallida has been identified in Colombia,
Ecuador, and in most of Peru. In southern Peru, Boliva, and
Argentina, G. pallida and G. rostochiensis oceur together, and
in Chile. Venezuela, Central America, and Mexico, only G.
rostochiensis has been found. Both species occur in the central
and western European countries. In the south and east of
Europe. only G. rostochiensisis found. In the United Kingdom,
certain potato-growing areas have predominantly either G.
rostochiensis or G. pallida. Only G. rostochiensis occurs in the
United States. In many countries and areas of countries, species
determinations have not been made.

Symptoms

Cystnematodes do not cause specific aboveground symptoms
of diagnostic value, but root injury causes infected plants to
seem to be under stress from water or mineral deficiency.
Foliage is pale, and severe wilting occurs under drought. Large
nematode populations cause stunting, early senescence, and
often proliferation of lateral roots. At flowering, minute

TABLE I1. Nematode Pests of the Cultivated Potato

Distribution’
Transmission by
Scientific and Common Names H C S T Tubers"
Belonolaimus longicaudarus (sting nematode) h t -
Ditvlenchus destructor (potato-rot nematode) S T +
Ditvlenchus dipsaci (stem and bulb nematode) C t +
Helicotylenchuys spp. (spiral nematodes) h c s t +
Globodera spp. (round ¢yst nematodes)
G. pallida  potato cyst nematode (white immature females) C T +
G. rostochiensis - potato cyst nematode (golden immature females) C T +
Hexatyvius vigissi t +
Longidorus maximus (needle nematode) ! -
Meloidogyne spp. (root-knot nematodes)
M. acronea t +
M. africana h t +
M. arenaria h c S T +
M. hapla C s T +
M. incognita H c S T +
M. javanica H c S T +
M. thamesi t +
Meloinema sp. s t +
Nacohhus uberrans ([alse root-knot nematode) h C T +
Neotvlenchus abulhosus t +
Paratvlenchus spp. (pin nematodes) h c s t i
Pratylenchus spp. (root-lesion nematodes)
P.andinus c +
P. hrachvurus s t +
P. crenatus t +
P. coffeae h S t +
P.minyus c s t +
P. penetrans h C s T +
P. pratensis c s t +
P. scribneri h c s t +
P. thornei c s t +
Rotyvlenchulus spp. (reniform nematodes) h c t +
Rotvlenchus spp. (spiral nematodes) h c t +
Trichodorus spp.. Paratrichodorus spp. (stubby root nematodes)
T. altius t -
P. christiei ¢ t -
P. pachydermus c 'y -
T. primitivus [ v -
P. teres v -
Tvlenchorhynchus spp. (stunt nematodes)
T. claytoni h ¢ S t -
T. dubius c s t -
Xiphinema spp. (dagger nematodes) h c s 1 -

*H = hot tropical. C = cool tropical. $ = subtropical, T = temperate zone. When capitalized, as shown, the judged relative importance is greater than
when small letters are used. All attack potato and additional members of the Solanaceac as well as plants outside the Solanaceae.

"None are known to be transmitted by true botanical seed.
‘Limited to the Solanaceac.
“Plant virus vectors.
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immature females in the white or vellow stage erupt through the
root epidermis. Yield losses vary according to nematode
densities, and complete economic crop failure can result when
densities are high. Potato ¢vst nematodes may increase
incidence of Verticillium wilt and bacterial wilt (brown rot).

Causal Crganisms

G. rostochiensis and G. pallida become round cysts upon
maturity. Cysts are hght to dark brown withan irregular pattern
of subsurface punctuations over most of the body.

Cysts of G rostochiensis differ from those of G. pallida by a
greater average anal-vulval distance, 60 compared with 44 ym,
and a greater average number of cuticular ridges between anus
and vulva, 21.6 compared with 12.2. G. rostochiensis females
develop through a golden yellow phase before turning brown,
hence the common name, golden nematode: G. pallida females
are white or eream before turning brown (Fig. 99A., Plates 81
and 82). Lengths of larval body, stvlet, and tail are usually
longer in G. pallida than in &. rostochiensis.

Races are differentiated by ability to multiply on resistant
cultivars of S. ruberosum ssp. andigena, S. multidissectum, S.
vernei, or S. kurtzianum,

Disease Cycle

In the spring, over 50¢7 of the second stage larvae inside eggs
within a eyst are stimulated to hatch. They enter the host plant
roots, feed, and develop through a series of three molts. The
females enlarge and rupture the root tissue but remain attached
to the root by their heads and protruding necks, which stay
inserted in root tissue, Mature wormlike males leave the root
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Fig. 99. Potato cyst nematode (Globodera rostochiensis).

and mate with the females. Fertilized females increase in size to
become subspherical. Mature females measure between 0.5 and
0.8 mm in length and greatly vary in size, probably due to the
type of host and amount of nutrition during their development.
Eggs are produced and retained within the female, The female
cuticle darkens and hardens, becoming the cyst, which may
containas many as 500 eggs (Figs. 99Band 100A). Cysts remain
in the soil when the crop is harvested.

Multiplication rate and sex ratio are influencec by population
density of the nematode and host crop. An ample food supply
favors a multiplication rate up to 60-fold. When food is limited
and the population is large (100 eggs per gram of soil) nematode
density may decline.

Histopathology

Globodera spp. are stimulated to hatch by exudates from
plantroots. Second stage larvae usually enter the root hair zone.
As larvae move through cortex cells of potato roots, feeding
may cause some limited necrosis in susceptible cultivars.

The female feeds near the vascular cylinder, resulting in
multinucleate units called syncytia (giant cells) near the
nematode’s head. Syncytia are formed by incorporation of
adjacent cells following cell-wall dissolution. which beginsin the
cortex. Cell walls of a column of cells toward the vascular tissue
are then dissolved. In the vascular cylinder, syneytia are limited
by lignified xylem, so incorporation of new cells proceeds
parallel to the root axis (Fig. 100B}).

Syncytia may be formed in the cortex, endodermis, pericycle,
and parenchyma of the central vascular strand. Cytoplasm of
syncytia becomes dense and granular in structure.

g e e
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A, immature swollen females attached to potato roots. B, diagrammatic life

cycle of potato cyst nematodes: 1, cyst showing enclosed eggs; 2, enlarged egg showing enclosed, coiled larva: 3, larvae entering root; 4
and 5, swollen females feeding in root; 6, mature female breaking through root surface. (Courtesy W. F. Mai, B. B. Brodie, and M. B.

Harrison)

95



Syncytia usually are elongate, with ends merging with normal
tissue, and each syneytium is generally associated with one
larvia. When multiple infections occur within a small area of root
tissue, syncytia may coalesce. Nuclear hypertrophy is followed

by decrease in size and number of plastids, breakdown of

chondriosomes (mitochondira). polyploidy of nuelei, and
nuclear disintegration.

Ingrowths or protuberances develop next to xylem vessels;
“boundary formations™ and microtubules are associated with
the ends of these protuberanees. They serve to increase the
surface area of the syneytial cell wall relative to its volume and to
allow for increased tlow of solutes across the plasmalemma. The
cell wall becomes up to 10 times its normal thickness.

Epidemiology

Although populations of cvst nematodes do not increase as
rapidly as do fungal and bacterial pathogens of potatoes. once
well established ina potato-growing area, they are, with present
technology. impossible to eradicate. The environmental
conditons providing successful commercial potato production
also provide optimum conditions for their multiplication and
survival. Potato cyst nematodes flourish where soil
temperatures are cool. Although they have been found in
tropical and warmer temperate climates, they do not generally
become established and are of lesser economic importance than
in cool climates. Larvae become active at 10°C, and maximum
invasion of roots oceursat 16° C. Soil temperatures of 26° C for
prolonged periods of time reduce development and limit
reproduction,

Cyst nematodes develop well in soils suited for surviva! and
movement of wormlike stages, such as medium to heavy clay
soils and well-drained and aerated sands. silts, and peat soils
with a moisture content of S0-75¢ of water capacity. Soil pH
values that are tolerable to the potato plant can apparently be
tolerated by the nematodes. Mutritional status of the soil

Fig. 100. Potato cyst nematode (Globodera rostochiensis). A,
mature cyst with enclosed eggs; B, secticn of potato root showing
syncytia. (Courtesy W. F. Mai, B. B. Brodie, and M. B, Harrison)
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appears to have little or no effect on nematodes other than that
caused by crop performance.

Encysted eggs withstand desiccation and can remain viable 20
years or more in soil under severe environmental extremes.
Movinginfested soil such as that clinging to equipment, seed, or
storage containers is the most important means of local and long
distance spread. Planting contaminated tubers provides ideal
conditions for spread and is thought to be a primary factor in
nematode dissemination throughout the world. Birds are not
considered important in long-distance spread.

Other Hosts
These include tomato, eggplant, and a number of
Solanaceous weeds.

Resistance

Resistant cultivars and nonhost crops cause an average of 95
and 507 reduction in populations, respectively. Excellent
sources of resistance 1o G. rostochiensis (race RyA)are available
in commercial varieties in Europe and North America. Good
resistance has been found to some, but not all, races of G,
pallida. Resistance to G. pallida (race PyA) is available in some
newer Dutch varieties,

Control

1) Restrict shipments of seed tubers and plants of other types
from infested areas.

2) Exeept for high dosages of soil fumigants, chemical
treatments usually reduce densities only slightly, if at all,
Although some organic phosphate and carbamate nematicides
provide good protection against infection by active larvae,
nematode density in treated soil usually remains the same or
slightly increases during growth of a potato crop.

3) Crop rotation has been widely used but is often
uneconomical because of the length of rotation required. When
nematode densities are high, rotation with potatoes grown once
in five years is necessary to assure profitable potato yields.
Resistant potato cultivars in rotation with susceptible cultivars
and nonhosts considerably reduce the required length of
rotation.

4) Combining different control mcasures is necessary for
keeping populations below damaging levels and for preventing
establishment of nematodes in new areas. Key components of
nematode management are: extensive surveys to determine
distribution of c¢yst nematodes, soil fumigants to reduce
numbers of nematodes in the soil, resistant cultivars to prevent
density increase, carbamate nematicides to suppress density
increases, prohibition of potato seed production in known
infested or exposed land, and regulation of reuseable containers
and movement of farm machinery, top soil, and plant material.
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Root-Knot Nematodes

One or more species of Meloidugyne are known to attack
almostall major crop plants and many weeds species. Vegetable
crops. including potatoes. are extensively damaged. with potato
losses reaching 25 or more. Although species differ in their
ability to attack certain vegetable crops, no vegetables go
unharmed.

Root-knot nematodes are worldwide in distibution but are
limited in specific areas by temperature and cropping practices.
The M. incognita group is, perhaps. the most widely distributed.
M. haplais the dominantspecies on potatoin Europeand North
America followed by M. incognita and M, ncognita acrita. In
Africa and Asta. M. javanica and M. incognira are dominant,
followed by M. incognita acrita and M. hapla, the latter being
found in Japan. M. incognita, M. incognita acrita, M. favanica,
and M. hapla attack potatoes in South America. M. arenaria
has been found in pétatoes on most continents,

Symptoms

Aboveground symptoms are not diagnostic. Depending upon
nematade density, infected plants may show varying degrees of
stunting and a tendency to wilt under moisture stress.

Knots or galls of varying sizes and shapes are present on the
roots (Fig. 101A). When nematode densities are high and
environmental conditions favorable, tubers are infected and
display galls that give them a warty appearance (Fig. 101B).
Galls, containing white, pear-shaped. mature female
nematodes, range from an almost spherical shape (in M.
arenaria) to a very rough and irregular appearance (in M.
hapla). Individual gall size depends upon nematode densityand
species, root size. temperature, and other environmental
factors. In addition to galling. M. hapla causes initiation of
extensive lateral root formation,

Disease Cycle of Causal Organism

Lhe disease evele of root-knot nematodes on potatois similar
to that on otber crops and plants. The first molt oceurs within
the cggithe second-stage farva emerges from the cegand invades
the hostroot near the tip. Larvae migrate through the root to the
vascular tissue, where they become stationary. Feeding injury
and glandular seeretion by larvae cause host cells surrounding
the nematode head to undergo cell division and cell
enlargement. Interaction of nematode and host causes
development of multinueleate giant cells, from which the
nematode obtains its foad. After feeding, the larvace begin to
swello Sexes become distinguishable in fourth-stage larvae
within the host tissue. Females continue to swell and at
maturity are white. pear-shaped. and about 1-2mm fong. After
the fourth stage, males become wormlike. about 1-1.5 mm long.
and migrate out of the roots. Males are common in some but not
allspecies and are functionalin reproduction in some but not ail
species. Females remain in roots, and cach may produce up to
000 eggs in a gelatinous matrix that is often pushed out of the
roat tissue. Egps hateh in the gelatinous matrix; young larvie
emerge and invade new sites of the same root or new roots,
Depending upon hosts, temperature, and nematodes speceies,
gereration time is usually 20-60 days.

Epidemiology

In general, root-knot nematodes reproduce most rapidly,
survive longer. and cause the most damage in coarse-textured
soils. However, they are apparently limited more by
temperature requirements, which vary with species, than by soil

type. The “northern™ root-knot nematode, A, hapla, has an
optimum temperature of 20°C. Other species have higher
temperature requirements and cannot withstand cold
temperature. Hence, root-knot nematodes are of greatest
economic importance in tropical and warm temperate climates
and of lesser importance in northern latitudes and high
elevations of tropical latitudes where soil temperaturesare cool,

Because potatoes are predominately grown in the cooler
climates, root knot of potato is not 4 major cconomic problem.
Potato culture in warmer climates could drastically change this
situation.  Furthermore, environmental races exist in M.
Javanica and possibly in other species. Such strains could adapt
to cooler climates and cause severe damage. For example, M.
incognira has become well established in the midhill elevations
of India and causes severe damage to potato. Meloidogyne spp.
enhance discase development by other pathogens. On potato,
development of brown rot bacteria ( Pseudomonas solanacearum)
is enhanced by M. incognita acrita.

Fig. 101. Root-knot nematodes (Meloidogyne spp.): gallsonroots
(A) and tubers (B). (Courtesy P. Jatala)
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Resistance

Limited research has been done on development of potato
cultivars resistant to Meloidogrne spp. In India, potatocultivar
H-294 is resistant to M. incognita, and moderate to high
resistance exists in several wild diploid species of Solanun. In
Peru, resistance to M. incognita in hybrids of S, demissum was
found. Also. high resistance to Meloidogyne spp.in S. torvum
and partial resistance in 8. pseudolulo and S. quitoense has been
reported. More recently, the International Potato Center
reported resistance ina number of noncultivated Solanum spp.
In the United States, resistance to A/, hapla, M. javanica, M.
incognita, M. arenaria, and M. incognita acrite has been found
in clones of S. tuberosum ssp. andigena.

Control

1) Because Meloidogyne spp. deposit their eggs in an external
cge mass that is relatively unprotected, chemical control has
been more successtul than with cyst nematodes. In some
countries where Meloidogyne spp. cause serious damage to
potatoes, cconomic control has beer achieved through the use
of soil fumigants or the newer organic phosphate or carbamate
nematicides. Dosage levels depend upon soil type,
environmental conditions, and tvpe of crop.

2) The wide host range of Meloidogyne spp. has made
selection of suitable crops for rotation schemes difficult,
although using grasses has been successful. In Rhodesia,
weeping lovegrass, Katabora Rodesgrass, or Bambatsi
Panicumgrass provide good control of M. javanica. Because of
the relatively rapid decline of Meloidogyne spp. in the absence
ol a suitabte host, nonhost crops can be grown for a shorter time
for root-knot nematode control than that required for potato
cvst nematode control.
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False Root-Knot Nematodes

Information on distibution of false root-knot nematodes is
incomplete and warrants attention. This nematode is apparently
native to the Andean regions of Peruund Bolivia, where losses
of up 1o 55% are not uncommon at altitudes of 2.000-4.200 m
and occasionally at lower altitudes. It also oceurs in Argentia,
Chile, Ecuador, the United States. Mexico, England. Holland,
India, and the USSR,

Symptoms

No specific aboveground symptoms are diagnostic, although
infected plants are stunted and tend to wilt under moisture stress
as a result of poor root growth and or root damage. Galls on
roots are similar to those produced by root-knot nematodes.
and infected plants lack normal fibrous root growth. Larval
invasion can cause death and deterioration of the small roots,
Galls occurina beadlike fashion, and. in Bolivia and Peru, they
are commonly called “rosario.” referring to rosary beads (Fig.
102).

Individual gall size depends upon nematode density, root size,
and therace of the nematode. Gall shape is usually spherical and
similar to that caused by Melvidogyne arenaria. but extension
of lateral roots on the galls is usually lacking. depending upon
the nematode race and host type. Although the false root-knot
nematodes do not cause casily recognizable symptoms on
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potato tubers. they attack tubers and usually penetrate under
the skin to a depth of approximately 1-2 mm.

Disease Cycle of Causal Organism

Nacohbusaherrans on potatoes has a disease cyele somewhat
similar to that on sugar beets. The first molt occurs within eggs;
second-stage larvae emerge, invade small roots. and establish
themselves in a favorable location. Cells of the feeding site
{vascular cylinder) increase in size, followed by necrosis of the
cortical cells. Larvae feed and undergo two molts. They either
leave the roots as preadults or continue feeding in the already
established site. develop galls on roots, and complete the life
cyele. A portion of those that leave the roots complete the final
molt and become males or active females. Sex can be
distinguished at the end of the third stage. Young female
nematodes move to large roots and establish themselves with
their heads near the vascular tissue. Surrounding cells enlarge
and a gall develops. Posteriors of the females extend toward the
outside. and an opening is formed on the root surface. where a
portion of the eggs are deposited into a gelatinous matrix.
Preadult and active females also invade tubers and penetrate
approximately 1-2 mm below the skin surface. Although a few
develop to maturity, the majority remain in a semiquiescent
stage forlong periods and serve as the primary means of disease
dissemination. Larvae may also infect tubers, but these seldom
develop beyond the larval stage and may be disseminated in that
form. Depending upon host, temperature, and race of
nematode, generation time is usually between 25 and 50 days.

Epidemiology

False root-knot nematodes have wide temperature
adaptability, surviving and reproducing most rapidly at a
temperature range of 20-26°C. Thus, they could become a
limiting factor to potato production in warm climates,
However, in the Andes they are associated with potatoes grown
at 15-18°C and are not limited by soil type. N. aberrans
occurring in the Andes contains two or more races differing in
pathogenicity and is often found with Glohodera and
Meloidogyne spp. Obtaining resistance to  Globodera or
Meloidogyne spp. might therelore alter the competition for
Nacobbus spp. or vice versa. Nacobbus-induced galls are often
infected with Spongospora subierranea, the fungus of powdery
scab.

Other Hosts
False root-knot nematodes have a relatively wide host range.

Fig. 102. False root-knot nematode (Nacobbus abarrans) on
potato roots. (Courtesy P. Jatala)



They attack many major crops in the Andean region and many
weed species, causing extensive damage to members of the
Solanaceae. Races differ in their ability to attack certain crops.

Resistance

Limited work has been done on development of resistance to
N. aberrans. A native Solanum tuberosum ssp. andigena
cultivar shows a high level of resistance, and excellent resistance
exists in 8. sparsipilum.

Control

1) In preliminary experiments in South America. economical
control has been achieved through the use of organophosphates
and oxime carbamates.

2) Because of a relatively wide host range. selection of suitable
crops for rotation schemes is difficult, although members of the
Gramineae and most of the [leguminosae are nonhosts.
Populations decline rapidly in the absence of a suitable host:
therefore, rotations can be shorter than those required for the
potato cyvst nematode.

3) Quarantine and restriction of potato seed tuber shipments
into disease-free areas should be strictly enforeed.
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Lesion Nematodes

Of the several Pratytenchus spp. known to damage potatoes,
P. penetrany is the most important in North America and in
Europe. Species in other areas are P. crenatus, P. minyus, P.
thornei, and P. scribneriin Europe; P. crenatus, P. brachyurus,
and P. scribneriin North America: P. andinus, P, scribneri, P.
penetrans,and P. thorneiin South America; P. brachyurusand
P. scribneri in Africa; and P. vulnus and P. coffeae in Japan.

Symptoms

High populations of lesion nematodes cause areas of poor
growth: plantsare less vigorous, turn vellow, and cease to grow,
Damage is caused by direct feeding, and usually only cortical
tissues are affected. Large numbers of nematodes cause
extensive lesion formation and cortex destruction of
unsuberized feeder roots (Fig. 103A). Affected roots are
commonly invaded and damaged by other soil microorganisms,
thus increasing root destruction. Rhizomes are not attacked as
severely as roots.

In general, P. penetransin primarily a root pathogen, whereas
other species such as P, brachyurus and P. scribneri cause
serious tuber damage. Lesions on tubers become visible when
nematode numbers in a small area of the tuber are high enough
to canse a number of adjacent cells to die. In South Africa,
symptoms on tubers caused by P. hrachyurus are purple-brown
areasabout 0.5 mm in depth, irregular in shape, and surrounded

by a slightly depressed border. Raised wartlike protuberances,
unsightly lesions. pimples, and weight loss and withering
in storage reduce the market value of tubers and make infected
seed potatoes worthless (Plate 83).

Lesion nematodes are often associated with wilt-causing
fungi such as Fusarium spp. and Verticillium spp. Other fungi
and bacteria are frequently present in potato tissue damaged by
these nematodes.

Disease Cycle of the Causal OQrganism

The first molt occurs in the egg, and the second-stage larva
emerges from the egg. All stages are wormlike and active. They
enter plant roots usually just behind the root cap but may enter
through other unsuberized surfaces of roots. rhizomes, and
tubers (Fig. 10318). Entry of, and movement through, roots may
be intercellular or intracellular. Entry is apparently
accomplished largely by mechanieal pressure and cuttingaction
of the stylet rather than by enzymatic action. Lesion formation
and root death usually oceur ahead of the area penetrated. In
tubers, cells surrounding nematodes are brown: cytoplasm is
granular; and nuelei are reduced in size.

Males are common in some species but not in others. Bisexual
reproduction occurs in species in which males are abundant,
Gravid females lay eggs in the soil and roots. either singly orin
small groups. Generation time is from four to cight weeks,
depending upon factors such as temperature, nematode species,
and host.

Epidemiology

Soil temperature requirements vary greatly with species.
Optimum temperature for reproduction of P, penetrans is
16-20°C. it is an important pest in regions of Europe and the
United States that have this temperature range. In warmer
climates, species with higher temperature optima (25-28° (),
such as P brachyurus in Africa and P. coffeae in southern
Japan, replace P. penetrans.

Damage to potatoes by lesion nematodes is usually associated
with coarse-textured soils. This may be partly because some of
the species involved, e.g., P. penetrans, are favored by sandy
soils and partly because such soils are preferred for potato
culture.

Soil moisture influences movement and other activities of
Pratvlenchus spp. In general, favorable soil moisture level is one

Fig. 103. Root-lesion nematode (Pratylenchus penetrans): A,
damage on the roots; B, adults, larvae, and eggs inside root.
(Courtesy W. F. Mai, B. B. Brodie, and M. B, Harrison)
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at which the soil particles and aggregates are surrounded by a
film of water but the intercellular spaces are free of water.

Other Hosts

Species of Prarvienchus that attack potatoes have wide host
ranges. More than 164 hosts have been recorded for P
penetrans.

Resistance

A high degree of resistance in potato has not been identified.,
although Peconic and Hudson have some resistance. Lower
population increase with certain resistant cultivars is due to
fewer numbers of eggs produced per female.

Control

D Soil tumigation decreases populations of Prarvlenchus spp.
and often increases potato yvields but is practical only when
vields and prices of potatoes are high, Soil fumigants are further
limited because they are ineffective in fine-textured and cold
soils, Nonfumigant nematicides have little or no phytotoxicity,
are casier to apply. may be applied at planting time, and are
more effective ina wider variety of soil types. Such nematicides
are usually more practical than tumigants for controlling root-
lesion nematodes.

2) Controlling root-lesion nematodes by crop rotation is not
effective because the species have & wide host range. Rye is an
excellent host of P penetrans. Severe plant damage and vield
reductions tollow rye as a winter cover crop.
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Potato Rot Nematodes

Ditylenchus destructor is primarily an important potato
pathogen in the temperature regions of Furope and, especially,
in the USSR, probably due to its inability to withstand drying
rather than toa direct temperature relationship. Italso occursin
South Africa, some areas of the Mediterrancan region, a few
isolated regions of North America, and in South America.

Symptoms

No specific aboveground symptoms exist. It confines its
attack to underground parts of the plant, prinrily the stolons
and tubers but not the roots. The carliest belowground
symptoms are small, white. chalky or light colored spots just
below the surface of the tuber when it is pecled (Fig. 104A).
Affected tissuesare dryand granular, As affected areas coalesce.,
tissues darken and are invaded by fungiand hacteria. Tuber skin
becomes paper thin and cracks as the underlving tissues dry
and shrink (Fig. 1048 and C). Under suitable environmental
conditions in the field or in storage. bacterial wet rot may cause
complete tuber destruction.

Causal Organism

The causal organism is now known as D. destructor Thorne
(syn. Anguillula dipsaci Kiihn, Tvlenchus devastarrix, Kiihn, D.
dipsaci Filipjev).

Disease Cycle
Nematode inoculum may survive in the soil, on fungi, or on
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weed hosts, or it may be introduced by planting discased seed
tubers. D. destructor enters small potato tubers through
lenticels or the skin near the eyes. Nematodes at first exist singly
or in small numbers in the tissue just beneath the skin of the
tuber. and small white lesions are present during carly to
midscason tuber formation. Great numbers of nematodes are
present in advancing margins of the lesions where the tissue is
soft and mealy. More tuber tissue becomes involved as
populations increase. Tissue becomes darker in color as
secondary organisms that cause dry or wet rots follow, The
nematode continues to live and develop in harvested tubers,
Low temperature overwintering prabably oceurs in the egg
stage.

Epidemiology

The potato rot nematode survives in soils as low as —28°C.
Greatest infestations occur at 15-20°C and at high relative
humidity, 90-100¢7. Development oceurs in the range from 5 to
34°C. The nematode cannot survive under drought or low
relative humidity (below 40¢7). Spread of the nematede to new
areas is primarily by the use of infested potato seed.

Other Hosts
D. destructor has a very wide host range of higher plants and
soil-inhabiting fungi.

Control

1) Use only uncontaminated seed. All known potato cultivars
are to some degree susceptible.

2) Soil fumigation is an effective control measure and can be
used where it is economically feasible.

3y Croprotationis difficult or impossible because of the wide
host range of the nematode. However, rotation is reported to be
an eficetive practice in the USSR,

4) Hot water seed treatment has not yet been developed for
seed potatoes.

5) Controlis difficult, but unknown factors must be operating
because spread has not been extensive, and in some previously

Fig. 104. Nematode (Ditylenchus destructor) tuber rot. Note
white chalky area (A) and surface cracking (B and C). (A,
Courtesy L. R. Faulkner and H. M. Darling; B and C, reprinted by
permission of Phytopathoiogy)



infested areas of North America severity of the problem has
declined.
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Stubby-Root Nematodes

Stubby-root nematodes have a very wide host range in the
temperate regions, and they transmit virus in many different
types of plants.

Symptoms

No diagnostic aboveground symptoms exist except stunting.
Roots cease elongation, resulting in numerous stunted “stubby
roots” which show little or no necrosis, discoloration. or other
injury svmptoms.

Causal Organism
Paratrichordorus pachydermus, P. christiei, and Trichodorus
primitivus attack potatoes.

Disease Cycle

Eges are deposited in the soil. Immature and adult forms
migrate through the soitand feed superficially on roots without
becoming embedded in the plant tissues. When soil temperature
is 15-20° C, the life cycle is completed in about 45 days. These
nematodes most frequently occur in light, sandy soils, although
they have also been reported in other soil types.

Histopathology

Feeding activity of the stubby-root nematode occurs
principally at root tips. Epidermal and outermost cortical cells
are punctured. as feeding proceeds, the protoplast shrinks from
the cell wall. After 5-10 sec, the nematode moves on to another
cell. %eeding activity is followed by a loss of meristematic
activity. Parasitized roots lack a root cap and a region of
elongation. Differentiation of protoxylem elements occurs
almost at the root apex. Apparently, therefore, new cell
production is halted but differentiation of existing cells
continues.

Epidemiology
In the Netherlands, nine species of stubby-root nematodes
transmit tobacco rattle virus. A close relationship exists
between populations of Trichodorus and the virus isalates.
Tobacco rattle virus is probably not readily spread for long

distances by virus-infected plant material because the strain of
the virus would probably not be suitable to the nematode
population of the new location. Activity of stubby-root
nematodes, as determined by virus spread, is affected by soil
moisture. type, and temperature. Greatest activity occurs in
sandy soil at 15°C with 16.7C¢ moisture; as soil moisture
decreases, activity decreases. Very little more is known about
the influence of the environment on these nematodes.

Control

1) Soil fumigants have been used to control Trichodorus spp.
and thereby reduce spread of tobacco rattle virus.

2) Not :noughis known about the host range of the nematode
and the virus o auvise rotation as a control measure.
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Nematicides

Control of nematodes in soil can be achieved through use of
nematicides, of which only a limited number are presently
available. All should be considered potentially hazardous, and
some are difficult to apply. They must be applied correctly and
under suitable environmental conditions in order to obtain their
full nematicidal potential.

Dispersion through the soil and activity of most soil-applied
nematicides is enhanced when soil tilth, moisture, and tem-
perature are in the proper range. Dosage level and technique of
application will depend on the nematicide, soil type, rate of
control desired, and economic considerations. Nematicides may
be gases, liquids, or granular solids. A well-qualified, experi-
enced person should be consulted before applications of
nematicide are attempted.

Some nematicides are fumigants, which volatilize in soil and
become gases that move through soil. Others are nonfumigants,
which depend upon external forces such as soil water for
movement. Another category of nematicides consists of those
that move systemically in the plantand can be applied to foliage.

Most currently available neriaticides are cither halogenated
hydrocarbons, organic phosphates, or carbamate compounds.
Some are phytotoxic. All are toxic to humans. Therefore,
caution must be exercised in their use. Label directio.ss must be
carefully read and strictly followed.

(Prepared by W, F. Mai, B. B. Brodie, M. B. Harrison,
and P. Jatala)

Aphids

Several potato virus diseases are transmitted by aphids, and
identification of the vector involved is often necessary. Those
that commonly colonize potato (Table III) can be casily
identified by morphological characteristics (Figs. 105 and 106)
that are visible to the naked eye or visible when magnified by a
hand lens (Table IV). These aphids may transmit both
circulative (persistent) and styletborne (nonpersistent) viruses.

Others, although seldom establishing colonies on potatoes, are
vectors of some nonpersistently transmitted potato viruses
(Table 111). Myzus persicae is the most efficient aphid vector and
is found worldwide.

Aphid species differ not only in morphology and ability to
transmit potato viruses but also in form (morph), life cycle, and
behavior. depending on the environment (temperature, relative
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humidity. photoperiod, and host plant condition) to which the
aphid or its mother is exposed. Thus, the life cvele of any
particular species may not be the same in different parts of the
world. Aphids may be winged (alate) or wingless (apterous),
male or female. Females may be oviparous (sexually producing
fertilized overwintering eggs) or parthenogenetic and viviparous
(asexually producing living voung, called nymphs).

Where winter conditions are severe, most potato-infesting
aphids overwinter as sexually produced cgps laid on the rough
bark of a woody host or on the crown and leaves of an
herbaccous biennial or perennial plant. A female nymph
hatches from cach egg in the spring, feeds on the expanding
foliage, and after molting four times, develops into a n.ature,
wingless, parthenogenctic female. She gives birth to female

TABLE I11. Aphid Pests of Potato and Known Vectors and Nonvectors of Potato Viruses*

Aphid

Virus Transmitted”

Potato
A M

Alfaifa
Mosaic

Potato Acuba
Mosaic

Potato
Leafroll

L

Colonizers of potatoes
Aphis gozsypii-frangudae complex' (melon)
Aphis nasturdr (buckthorn)
Aulacorthun sc lunic (Toxglove)
Macrosiphum eupnorbiae (common potato)
Muvzus ascalonicus (shallot)
Muyzus persicae (green peach)
Rhopalosiphoninus larvsiphon (bulb and potato)
Rhopalosiphum rufiabdominalis' (rice root)
Smyuthurodes betae'

Uncommon colonizers of or visitars on potatoes
Acvrthosiphon pisum
Acvrthosiphon primulae
Aphis fubae
Cavariella pastinaceae'
Hyadaphis ervsimi
Macrosiphoniella sanborni
Myzus certuy
Mvzus humul?
Myzus ornarus
Nasonovia lactucae'
Neomyzus cucumfiexus
Rhopalosiphoninuy staphyleae udipaetius
Rhopalosiphum padi

+
+
+

P+ 1+
I+ 1+ +
++ + +

I+ + + + + +
+
+
+
+
+

+ 4+

I+ +
I+
I

+

+ +
++ +

“From Kenneldy et al (1962) and Beemster and Rozendaal (1972).
"+ = \ector, - = nonvector. + = inelficient or inconsistent vector.
“May overwinter as eggs.

TABLE IV. Key to Wingless Viviparous Female Aphids Colonizing Potato

I. Siphunculi absent. Cauda small, rounded. On stolons, Smynthurodes herae.

II. Sipbunculi present. Cauda extended, not rounded.

A. Antennac always much shorter than body: head without prominent antennal tubercles, front of head slightly convex, almost flat, Siphunculi

slightly longer than cauda,

1. Body and antennae with long hairs; green with deep orange markings between and at bases of siphunculi; siphunculi almost cylindrical,
thinner just before flange. On roots. Rhopalosiphum rufiabdominalis,

to

- Body and antennae without long hairs; yellow to green, without deep orange markings on posterior; siphunculi cylindrical.

4. Onoverwintering host, badydeep greenand, on potato, lemon yellow to green; siphunculi pale to light brownish with dusky tips; cauda
yellow to light brown, same color as basal portions of siphunculi. On leaves and flowers. Aphis nasturtii (Plate 84),
b. Body pale yellow, yellow-green to mottled blackish green, siphunculi black, cauda dusky green to black. On leaves. Aphiy gossypli-

Srangulae complex,

B. Antennae usually as long as or longer than body; head with prominent antennal tubercles: front of head broadly concave; siphunculi much

longer than cauda.

L. Siphunculi shiny black, extremely swollen: swollen partover four times as wide as the basal 1/3and distal 1/10 part, witha well-developed
flange. Body pale olive green to shiny dark olive green with 2 brown to black sclerotic patch covering most of the dorsum of the abdomen. On

sprouts and subterruncan parts. Rhopalosiphoninus larysipheon.

2. Siphunculi brown to pale yellow-green; if black. then siphunculi eylindrical; on most, siphunculi only slightly swollen on distal half.
a. Body clongated, wedge-shaped. Largest of potato-infesting aphids. Body shades of green, pink, or yellow with a darker dorsal ridge.
Head with prominent, outward sloping antennal tubercles. Legs long, antennac longer than body; siphunculi cylindrical, flared outward,
about 1.25times as long as the distance between their bases. Siphunculilight brown, sometimes with darker apices. On leaves, stems, and

flowers. Macrosiphum euphorbiae (Plate 85).

b. Body ovoid or pear-shaped. antennal tubereles prominent and converging inward or with parallel sides.
I.) Body pear-shaped, globular, widest just ahead of siphunculi. Head with prominent parallel, straight-sided antennal tubercles.
Siphunculi straight, with prominent dark flanges at tips. Body shiny light yellow green to dark green, sometimes brownish, usually
with darker pigmented arcas around base of siphunculi; legs and antennae with dark joints. On leaves and flowers. Aulacorthium

solani (Plate 86).

2.) Body ovoid, almost same width from thorax to base of siphunculi, then sides gently rounded to abruptly meet the cauda, Head with

prominent in-pointed antennal tubercles.

a.) Body deep pink, peach, yellowish, light green to almost colorless. Siphunculi same color as body with the tips darker: slightly
swollen on apical half. Cauda short, On sprouts, foliage, and flowers. Myzus persicae (Plate 87).

b.) Body dull yellowish brown to greenish brown. Siphunculi same color as body without the tips darker, swollen towards the apex.
Cauda upturned. hardly visible from above. On sprouts. Myzus ascalomicus,
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thorax

Fig. 105. Parts necessary for identification of a wingless aphid.
(Courtesy M. E. MacGillivray)

PR PARIR

Fig. 106. Outline of head region of wingless potato-infesting
aphids showing shape of antennal tubercles. Left to right: Myzus
persicae, Aulacorthum solani, Macrosiphum euphorbiae, Aphis
nasturtii. (Courtesy M. E. MacGillivray)

nymphs, some of which may develop wings. Eventually, in later
generations, most of the aphids will be winged and fly to
herbaceous plants, weeds, and horticultural flowers or
vegetables, including potatoes. Here the winged forms deposit
female nymphs that, when mature, produce additional females
by parthenogenesis. in late summer, when the length of the night
extends past 11 hours and night temperatures decrease, sexual
morphs (males and oviparous females) are produced. Winged
viviparous females usually fly to the overwintering host and
deposit nymphs that develop into oviparous females. In the
meantime, males (winged and wingless) arrive on the host plant
and mate with the oviparous females, after which the fertilized
eggs are deposited to complete the cycle. Eggs are pale green at
first and later become shiny black.

In mild cli. ates, sexual aphids and eggs do not occur, and
parthenogenetic, viviparous females are produced throughout
the year. Some species, such as Myzus persicae, Macrosiphum
euphorbiae, and Aulacorthum solani, which normally
overwinter as eggs in colder climates, survive as viviparous
females in sheltered places such as greenhouse and storage
cellars.
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Seed Potato Certification

Because the potato plant and its tubers are vulnerable to
many diseases and pests, seed quality, as determined by relative
freedom from these entities, is of major importance in potato
production. This became apparent during the latter part of the
19th century when pests and discase organisms were
disseminated in seed stocks that were allowed to move freely
throughout the world during the rapid expansion of potato
culture. Because of this seriously developing dilemma. the
United States established the National Plant Quarantinc Act of
1912, prohibiting the importation of potatoes infected with
black wart (Synchytrium endobioticum (Schilb.) Perc.), an
embargo that is still in effect. An embargo preventing
importation of potatoes from countries harboring powdery scab
(Spongospora subterranea (Wallr.) Lagerh.) was enacted two
years later.

Origin of Seed Potato Certification in North America

In 1904, while studying petato diseases in Europe at the
request of the U.S. government, Professor L. R. Jones of
Vermont observed seed improvement programs; he later
persuaded Dr. W. A. Orton of the Burcau of Plant Industry of
the U.S. Department of Agriculture (USDA) to visit Germanyin
1911 to observe potato diseases and study the seed potato
inspection program initiated by Dr. Otto Appel. On his return
from Europe, Dr. Orton, with Dr. William Stuart of the USDA,
developed a plan for the inspection and certification of potato
seed stocks based upon the German system. During the next few
years, they presented their proposal to growers, potato
specialists, and state agricultural experiment station officials
and at the annual meetings of the American Phytopathological
Society and the National Potato Association of America (now
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the Potato Association of America).

In 1914, Dr. Orton, accompanied by Dr. Appel of Germany,
Dr. H. T. Gussow of Canada, Dr. Johanna Westerdijk of
Holland, and potato specialists from the USDA. visited the
principal potato-growing areas of 13 states extending from
Maine to California to study discase and other problems related
to seed production. This study stimulated interest and added
impetus to the movement for organized inspection programs.
These efforts culminated ir the first official Potato Seed
Certification Conference, which was held in Philadelphia. PA,
on December 28, 1914. Representatives from Canada.
Germany, Ireland. the USDA, and 12 states participated. At
this conference, the basic framework of the present seed potato
certification programs was formulated.

Dr. Orton recommended that “a system of official inspection
and certification™ be established in cach of the sced-growing
states, with emphasis being placed on “freedom from disease.
varietal purity and vigor.” Thc suggestion was also madc that
programs be administered by a “state agency such as an
Experiment Station and protected by suitable legislation
penalizing misuse of certificates.” The proposal, which
suggested that programs be operated on a voluntary basis and
that growers stand the cost of inspection, also outlined
procedures for making ficld inspections, established disease
tolerances, suggested the use of certificates and official tags for
inspected seed. and proposed size and quality of tubers. Even
though virus infections were not suspected at the time, the
proposal recognized that “degeneration™ or “running-out” of
seedstocks was tuber-transmitted and suggested that “sced”
tubers be selected from healthy-appearing stocks.

Seed potatocertification programs in North America became
areality during 1913-1915, when Canada (New Brunswick and
Prince Edward Island), Idaho, Maine, Maryland, Vermont, and
Wisconsin established official programs. Ten more states
started programs between 1916 and 1919, followed by three
additional Canadian provinces and eight states during
1920-1922.

Inthe early days of certification in North America, inspectors
were confronted with the problems of varietal mixtures, varietal
synonyms, and degeneration cr “running-out” of seed stocks.
The confused picture of the degeneration complex started to
clear when Quanjer et al in 1916 first established the infectious
nature of potato leafroll by graft transmission; shortly
thereafter, Oortwijn Botjes (1920) and Schultz and Folsom
(1921) reported independently that the aphid Myzus persicae
transmitted the causal entity of leafroll from plant to plant.
Subsequent investigations exposed the involvement of
numerous tuberborne virus diseases, such as mild and severe
mosaic and spindle tuber (the causal agent of which is now
known to be a viroid), with seed degeneration. Recognition of
these diseases by certification personnel provided the basis for
their subscquent control. A tremendous improvement in yield
and quality of sced stocks occurred after certificatior. personnel
had mastered the diagnosis of virus diseases.

Present Day Seed Potato Certification

Seed potato certification today represents u voluntary
agreement between the seed grower and the certifving agency. In
the United States, programs are handled by individual states

TABLE V. Field Tolerances (%) for Certified Potatoes, as Required
by Wisconsin Certified Seed Potato Agency, Madison

Disease or Varietal Inspection

Mixture First Second or Subsequent
Leafroll 1.5 1.0
Mosaics 2.0 1.0
Spindle tuber 1.0 1.0
Total 30 3.0
Bacterial ring rot 0.0 0.0
Varictal mixture 1.0 0.1
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and administered by state departments of agriculture, land
grant universities, grower associations, or various combinations
of these agencies. In Canada, seced potato certification is a
federal program carried out by the Plant Quarantine Division of
the Department of Agriculture. Since all agencies have been
given official status by their respective state or national
governments, protection against the fraudulent use of the term
“certified seed potatoes™ has been assurzd. Disclaimer clauses
limiting liability to the value of the seed are commonly used by
all agencies to protect both the grower and the agency.

Each agency publishes certification standards outlining
eligibility requirements for inspection, grower fee schedule.
disease tolerances, grade requirements, winter tests, and rules
governing sale of certified seed. Application inspection forms
are sent to individual growers before the planting seasan
requesting a listing of cultivars, classification and source of seed
lots, acreage, field numbers and location, previous crop history
of fields, and date of planting. This information is used by the
agency to determine eligibility for inspection.

Fields are planted with pretested and approved seedstocks.
Practices are adopted that minimize the sprcad of viruses and of
pathogens borne by soil and debris. Procedures for inspections
vary among states but, in general, are quite similar. A minimum
of two field inspections is made during the growing season at a
time most opportune for detecting diseases and varietal
mixtures by visual examination. Field tolerances for disease and
varictal mixtures vary among agencies but, in general, are quite
similar. Those currently used in Wisconsin for the Certified class
are fairly typical (Table V).

Failure to meet the tolerances is cause for rejection and, in
addition, certification may also be denied for the prevalence of
other discases such as blackleg, haywire, or wilts. Lack of
isolation, unsuitable cultural conditions. high aphid
populations, nematodes, unsatisfactory performance of test
samples, or other factors that may impair sced value may also be
cause for rejection. Of the acreage rejected from 1968-1972 in
North American agencies certifying over 1,000 acres per year,
bacterial ring rot, leafroll, varietal mixture, mosaic, and
blackleg accounted for 5.6, 0.8, 0.7, 0.5, and 0.4¢¢, respectively.

Harvest inspections are required by some agencies, whereas
others require both a harvest and a bin inspection, which
identifies the stored seed and includes estimates of volume,
grade, and tag eligibility. Certification is not complete until the
sced has been graded for quality and size in conformity with seed
grades and identified with official tags and seals and has passed
inspection by the State-Federal Inspection Service. Inspection
reportsare issued to the grower by the inspector after cach field,
harvest, and bin inspection.

Most agencics in North America certify two basic classes of
seed potatoes—"Foundation™ and *“Certified.” Requirements
for the production of Foundation class seed are much more
rigid, e.g., Foundation class seed growers must enter their entire
acreage for inspection: field tolerances for disease are
approximately one fourth of those allowed for Certified classes;
and requirements for seed source, land, isolation, sanitation,
and the handling and storage of the crop are much more
stringent. This class of seed is used to plant certified seed potato
fields. Many certifying agencies require a winter test as part of
their Foundation class requirement. A few agencies have made
it compulsory for all seed lots, irrespective of class. These tests,
which are conducted in Alabama, California, or Florida, where
growing conditions favor symptom expression of diseases,
consist of field planting 300-800 tubers per lot and reading the
resulting plants for disease content, primarily virus, and other
factors pertinent to seed productivity. To receive Foundation
designation, most agencies require that a seed lot shall not show
a total in excess of 0.5% of the diseases mosaic, leafroll, and
spindle tuber in the winter ficld test.

Because of the short interval between harvest and planting of
the winter test in Florida, dormancy of certain cultivars must be
broken. Rindite, a 7:3:1 mixture of ethylene chlorohydrin (2-
chloroethanol), ethylene dichloride (1.2-dichloroethane), and



carbon tetrachloride, applied at the rate of 141 ml m* (4 cc. 1)
of treatment chamber (container), is one of the most cffective
chemicals used. The total dosage is applied at 24-hr intervals
over a three-day period in an air-tight chamber filled to not
more than one-third to one-half of its total volume. Samplesare
stacked at a uniform height of approximately 4 ft (1.2 m) on
6-in. (15-cm) pallets arranged in rows that allow for ample air
circulation provided by fans. Before treatment, samples are
warmed for five days at 24-25°C. and during treatment
temperature is maintained at 25-26°C: higher temperatures
may result in injury. Rindite is placed in pans above the
potatoes, and burlap bags are arranged to dip into the chemical
and act as wicks. Rindite is highly toxic to humans and proper
safety precautions must be taken.

Certified seed is packed und shipped in ¢lean. new bags or in
bulk in clean, disinfested carriers. Individual bags and carriers
containing bulk shipments are tagged. indicating cultivar, crop
vear, serial or certification number, and grower’s name and
address. Taps are attached to each container so that neither can
be opened without breaking the seal.

In the United States all certified seed potatoes are graded in
conformity with standards established by individual states; in
Canada they are established by the federal government. Grades
vary among states but basically are quite similar to the federal
grade of "U.S. No. | Seed Potatoes™ established in 1972, which
serves as a reference point for marketing seed potatoes,
replacing the U.S. No. I table grade. Most certifving agencies in
North America have several grades, with a blue tag most
frequently representing top quality and other colors for grades
with less stringent standards. Size restrictions, which can vary if
specified. usually range from 114-3'4 in. (3.8-8.3 cm)in diameter.
with a maximum weight of 12 0z (340 g).

In the United States, fees for certification services are borne
by individual growers. whereas in Canada they are absorbed by
the federal government. Fees cover the cost of application, field
inspections based on acreage. virus tests, shipping point
inspections for individual bags or bulk shipments, winter tests.
tags and seals.

Following completion of field and harvest inspections,
agencies publish crop directories listing growers and all varietal
acreages that have met certification standards. Directories are
also released by agencies following completion of the southern
winter tests. Both of these publications, which are widely
distributed within the potato industry. serve as an important
tool in locating reliable seed sources.

Seed potatoes in North America are produeed primarily in
the northern states along the Canadian border, in areas of high
elevation in certain western states, and in all Canadian
provinces except Newfoundland. At one time as many as 36
states certified seed potatoes. However, the rapid spread of virus
diseases was the primary reason that southern states dropped
out of seed production. The spread of virus is considerably less
apt to occur in northern areas, primarily because of lower
populations of viruliferous insects, such as the green peach
aphid, which spread many of the viruses that attack potato.

From 1968 10 1977. approximately 786; of the total sced
production in the United States was produced in Maine (25%),
Idaho (22%). North Dakota (17¢), and Minnesota (14¢7). In
1977, 19 states produced a total of 230,458 acres of certified seed
potatoes, of which these four states accounted for
approximately 77¢. Prince Edward Island and New Brunswick
are the leading seed-producing provinces in Canada, accounting
for approximately 867 of the total acres (66.888) passing
certification in 1977. During the past 10-year period. they have
produced approximately 846 of Canada's sced acreage.

Seed Improvement Programs

Seed improvement programs are constantly striving to
upgrade the quality of nuclear (elite) seed stocks, which serve as
the basis for certified sced potato production.

Inanattemptio more effectively control several virus discases
and bacterial ring rot, four states and four Canadian provinces

have established official Foundation (clite) seed farms where
nuclear seed stocks are developed for their respective seed
industries. The practice of planting cut seed in North America
favors rapid spread of several diseases because the causal
organisms are easily transmitted mechanically; such spread is
curtailed by the planting of whole seed.

These official seed farms are located in well-isolated areas
that have a history of low insect populations and are staffed with
personnel having the cxpertise to perform the technical
procedures required for development of nuclear seed stocks.
Practices involving strict sanitation, application of systemic
insecticides at planting, and rigid spray schedules for control of
insects and foliar diseases are adhered to at all times.

In recent years, considerable time and effort have been
devoted on these farms to developing nuclear seed stocks free
from such iatent viruses as X. S, and M. Virus-free programs
have been developed primarily because of potato virus X
(PVX), which causes latent mosaic. PVX, known as the “healthy
potato virus"™ because of its symptomless characterisitics,
produces visible symptoms only under certain environmental
conditions, making control by roguing extremely difficult.
Partly for this reason, seed potato certification personnrel
welcomed the introduction of virus X-free certification
programs; they fully appreciated that the developing virus X-
free projects of the 1930s in Europe, which led to such official
programs in America after 1945, were big steps forward in seed
potato improvement. In North America, seed specialists are not
in complete agreement as to the desirability of maintaining
totally virus-free seed stocks: some feel that advantages exist in
the cross-protection provided by mild strains of PVX.

Procedures for the development of nuclear seed stocks vary
on these official seed farms, but in general, programs are based
on clonal selections. A clone is a stock of tubers or plants
derived from the same mother plant by vegetative propagation.
Clonal selection implies the increase of stocks from selected
healthy plants of desirable varictal type and their subsequent
multiplication,

In recent years, meristem and shoot tip culture have been used
to obtain virus-free stocks of standard cultivars, old cultivars of
historical interest, and promising new seedlings. This procedure
is based on the fact that cells in the growing tips of axillary buds,
as well as in tips of sprouts, may, by exposure of the plant or
tuber to high temperatures, “grow away"” from viruses even
though the plant or tuber is systemically infected. By removing
the meristem tips and allowing them to develop on special
media, virus-free plantlets can be obtained. In practice, a high
percentage of success in obtaining virus-free plants has been
achieved when meristem tips have been taken from rooted stem
cuttings or sprouting tubers that have been ex posed to 35-38° C
for 4-6 weeks before bud excision.

Plantlets produced in vitro by meristem tissue culture are not
necessarily pathogen-free and so should be thoroughly screened
for freedom from bacteria, fungi, viruses, and viroids. Some of
the diseases or pathogens for which screening is conducted and
the testing procedures used to detect them are: bacterial ring rot
(eggplant and tomato as indicator plants and the broth test for
plantlets produced in vitro); potato virus X (Gomphrena
globosa as indicator plant and serology); potato virus S
(serology): potato virus A (plantindicator *A6") and potato virus
Y (serology, indicator plants ‘A6,"and Solanum demissum P.1.
230579); leafroll (aphid transmission to indicator plant Physalis

floridana), and spindle tuber (polyzcrylamide gel electro-

phoresis). In the latter test, the pathogen (viroid) is a ribonucleic
acid that differs significantly from the nucleic acids that occur in
healthy plants, Separation by electrophoresis and subsequent
staining permits reliable detection of the viroid. including
strains that cause no visible symptoms.

Stem cutting, which was developed as a means of eliminating
bacterial and fungal pathogens normally carried over by tuber
propagation, is a relatively new procedure that has proven to be
avaluable toolin seed improvement. Plants from selected tubers
are grown in the greenhouse and then topped when they are
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15-40 cm high so as to stimulate the growth of axillary shoots.
These shoots, which are used as cuttings, are removed when they
are 5-7 cm long (treating with a rooting hormone is optional)
and transplanted to moist, sterile sand or vermiculite (held under
intermittent mist in some institutions} until rooting occurs,
usually 10-12days. Followingan optional hardening-off period
in a cold frame, they are transplanted to the field. In the
meanume the “mother™ plants. from which the cuttings were
taken, are screened thoroughly to assure freedom from the
various pathogens. In 1970, Scotland became the first country
to require that all seed lots entered for certification be derived
from nuclear stocks developed from virus-tested stem cuttings.

Once disease-free material has been obtained, procedures for
further increase of nuclear seed stocks on official seed farms
vary, however, a thorough indexing program (greenhouse and
winter field test), utilizing various combinations of tuber, hill,
and tuber-unit indexing, is used in all programs. These stocks
arc increased primarily as four-cut tuber units (four consecutive
hills per tuber) for two years before being sold to foundation
growers. During this increase period, they are rogued
intensively during the growing season and screened thoroughly
for the presence of viruses. Foundation seed growers are
encouraged to use a “flush-out™ system that entails purchasing
nuclear stocks each vear from official seed farms and increasing
them for no more than 2-3 years.

Certifying agencies, which do not have official seed farms,
must rely on a few selected growers for the increase of nuclear
seed stocks

The production of top quality seed potatoes has become a
highly sophisticated and technical procedure that undoubtedly
will become more complex as new technology is developed. It is
imperative that all those associated with seed production be
receptive to technological improvements to ensure continuous
progress in the seed industry.
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Key to Disease

Diagnostic Microbial Struciurss

Sclerotia

Black - white mold, gray mold, Rhizoctonia, charcoal rot
Purplish black--violet root rot

Very small, black - -black dot

Tan - stem rot

Bacterial Exudate from Vascular Tissue
Abundant, gray - brown rot
Sparse, white -ring rot

Prominent Mycelium in or on Soil

White - white mold

White, fanlike-- stem rot

Grayish white --Rosellinia

Brown. in strands near or on tubers— Xylaria, Armillaria

Entire Plant

Distinct Symptoms Lacking

Unusually large - - giant hill

Off-color. poor growth--general nutrient deficiency, several nutrient
imbalances

Bronzing
General or of old leaves- -photochemical oxidant air pollution,

potassium or zinc deficiency, Fusarium wilt

Of tip leaves - psyllid yellows

Upright growth habit --PLRV in andigena types, PSTV

Stunting and/or Poor Growth
Beginning in localized areas of field- nematodes (cyst, root-knot, false
root-knot, stubby-root, lesion).
Mil? (0 severe —-several virus diseases (PLRV, PVY, PVM, APMYV,
TBRV, PSTV, PYDV, BCTV)
Pale light green to yellow leaves, later necrotic —magnesium deficiency
Dark green -scveral mosaic viruses
Early in season - potassium deficiency
Lusterless - phosphorus deficiency
Dwarfing  BCTV, PYDV, PMTV
Early maturity - several nutritional deficiencies
Lower leaves mature, speckled - photochemical oxidant air pollution
General chlorosis, usually from base upward— Verticillium wil
Late maturity, larger than normal—genetic abnormalities

Wilt
With drought stres  -nematodes (cyst. root-knot, false root-knot)
Chlorosis, wilt, and early death - black do:. violet root rot, brown rot,
charcoal rot
In groups in the field--Rosellinia
With vascular discoloration - - Verticillium wilt, Fusarium wilts
Wilt or chlorosis
Of one stem or on one side of leaf, stem, or side of plant—brown rot,
Fusarium wilt, Verticillium wilt, ring rot
Of green leaves and stems, later chlorosis and necrosis—ring rot,
brown rot, pink rot, stem rot
Rapid green collapse and death of some or all plantsinlocalized areas
of field—lightning injury

Necrosis

Systemic (top necrosis)—PVX, PAMV, APMV, PVT, TSWV

Defoliation from bottom toward top of plant—early blight,
photochemical oxidant air pollution, powdery mildew, pink rot, PVY

Deformed
Internodes shortened
Downward leaf curl —potassium deficiency
Bushy appearance--boron deficiency, PYDV, Fusarium wilts
Spindly, crinkled leaves—chemical injury
Chlorotic to necrotic margins- phosphorus deficiency
Numerous stems, bushy-- genetic abnormalities, mycoplasmas
Rosette
At tip—calcium deficiency
With dwarfing—ring rot
Red pigmentation or chlorosis of apical leaves, stunting, general
chlorosis, thickening of nodes, aerial tubers, vascular necrosis, basal
stem necrosis, or early death—blackleg, Rhizoctonia, mycoplasma,
Fusarium wilts, BCTV, psyllid yellows

Stem

Numerous—coiled sprout
And thin—genctic abnormalities, hair sprout, mycoplasmas, TMV

Stunting
Of some stems— TRV
And internodes shortened—-PVY, PMTV, PYDV

Lesions Originating Below Ground

Black, extending upward from seced tuber, pith dark, cortical
decay—blackleg, pink rot

Brown—common scab, skiu spot, black dot
Girdling of stem— R hizoctonia

Rot, with dry shredding— Fusarium wilts, mycoplasmas

With prominent gray fungus, mold growth— Rosellinia

Lesions at or Near Soil Surface
Girdling and collapse, bleached color— heat injury
White epid. ‘mis at soil linc, cross-hatched collapse of pith—lightning
injury '
No underyling necrosis on stem surface
White mycelium— Rhizocronia solani (perfect stage)
Red to purple mycelium—violet root rot
Surface moldy, white at soil line, watery rot, stem collapse
Black sclerotia—white mold
Tan sclerotia—stem rot

Lesions Above Soil Surface
Epidermis white, underlying tissue usually unaffected —sunscald, hail
injury
Necrosis, black to brown
Extensive—late blight
Restricted in size—early blight
Stippled flecks—- powdery mildew
Also of petiole, stem brittle—manganese toxicity
Brown necrotic streaks on stems and petioles—PVY, TSWV
Al petiole attachment—blackleg, late blight, gray mold
Light brown broad zonation— white mold :
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Vascular Discoloration

Brown, most severe in lower part, extending also above
ground- - Fusarium wilts, Verticillium wilt

Black --brown rot, blackleg

Pith Necrosis

Brown, near tip- PYDV
Black at base blackleg
At nodes-— Fusarium wilts

Aerial Tubers and/or Enlarged Nodes—pink rot, Fusarium wilts,
mycoplasmas, psyllid yellows, Rhizoctonia

Galls-- wart, smut

Swelling, Twisting, and Deformation—rusts, coiled sprout

Leaves and Leaflets

Mosaic Mottles

Symptomless, very mild to severe rugosity - PVX, PVS, PVM, PVY,
PVA, PVT, APMV, APLV, CMV, TMV, TRV, AMV, PAMV,
deforming mosaic, frost injury

On tip leaves  Fusarium wilts

Netting of minor leaf veins - APLV
And veinal neerosis PVT

Rough, crinkly  PVY, PVM, PYVV

Yellow areas, pale to bright  AMV, TRV, PMTV, TBRV, PYVV,

TRSYV

More severe on lower leaves PAMYV

Chlorosis
General  Fusarium wilt, Verticillium wilt
Greenish spots on low shaded leaves PVS

Interveinal Chlorosis or Necrosis

Of tip leaves  manganese deficiency

Of lower leaves  ring rot

To white yellow chlorosis  sulfur oxide air pollution, manganese
toxicity, magnesium deficiency

Deformed

Crinkled, rugose  PVY. PVA, deforming mosaic

Small, twisted. possibly with short petioles and stem internodes —
PAMY. PVM, TMV, CMV, TBRV, TRV, PMTV, APMV, PSTV,
genetic abnormalities, chemical injury

Young leaves twisted and cupped  zinc deficiency

Cupped  phosphorus deficieney
On tip leaves TBRV

Irregular holes, banded, mottled  low temperature vine injury

Flongate. puckered. pinched, veins prominent -chemical injury, CMV,
TMV, low temperature nitrogen toxicity

Pustules, orange, red to brown enlargements, or twisting--rusts

Small with fluted margins, acute petiole-stem angle—PSTV

Small, numerous thin stems - mycoplasmas
Many leaves, simple (not compound) -genetic abnormalities,
witches' broom, stolbur

Upward Relling
Suff, papery texture, pale color  PLRV, boron deficiency
Throughout plant, downward roll of petioles - PYDV
Of tip leaves, possibly pink at margins- PLRV, manganese deficiency,
PVM, mycoplasmas, BCTV, psyllid yellows
With chlorosis - zinc deficiency
Of lower leaves or throughout the plant. chlorosis absent to
mild -nonvirus leafroll, PLRV, PVM, potassium, phosphorus, or
boron deficiency
Chlorotic or necrotic margins  calcium deficicney
Upward rolling severe at plant1ip, chlorosis or red at bases of tip leaves,
may be accompanied by aerial tubers - - blackleg, Rhizoctonia,
mycoplasmas, Fusarium wilts
Dwarfing, marginal and interveinal chlorosis - PLR Vin andigena tvpes
Thick, brittle, interveinal chlorosis or necrosis-—magnesium deficiency
Tattered edges or with holes - wind or hail injury, Ulocladium blight

Necrosis
At tip of plant- irost injury
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Bronzed
On upper surface and margins ~photochemical oxidant air
pollution
Necrotic -~ potassium deficiency
And necrotic spots - PVS
And extensive systemic necrosis — Fusarium wilt
On epidermal surface or extending through the leaf—wind injury
Of veins-- PVT
And stem streak PVY
Flecks to streaks - - manganese toxicity
Systemic leaflet and petiole necrosis- AMV, APMV, TSWV
And leaf drop- PVY

Necrotic 1 esions
Speckhing ot lower leaves but also on upper leaves—- nitrogen deficiency
chemical injury, photochemical oxidant air pollution, manganese
toxicity
Necrotic spots and rings - TBRV, TRSV, TSWV, PVY
Necrosis of petioles and leaflets  TSWV, PVY
Without concentric zonation
Black when wet, brown when dry, with or without sparse white
sporulation, possibly yellow halo -late blight
Initially water-soaked large necrotic lesions-- Choanephora blight
Yellowish to purple  Cerzospora leaf blotch
Tan, angular- Stemphvlium consortiale
At mechanical wounds, dark to black - Ulocladium blight
Green to black, white to gray-brown sporulation --powdery mildew
Light colored  Pleospora herbarum
With concentrie zonation
Broad zonatien, wedge-shaped, circular to irregular, tan
sporulation - - gray mold
Narrow zonation
Round, brown = Phoma leaf spot
Round or angular lesions with pycnidia—Septoria leaf spot
Brown black-- TSWV
Angular (limited by veins) —early blight, Alterraria alternaia

Tuber

Small Size - various viruses, genetic abnormalities, nutrient imbalances
Many tubers - witches’ broom, psyllid yellows, second growth

Flaccid or Wilted-—mycoplasma

Forming Secondary Tubers or Plants Prematurely—second growth,
secondary tubers

Galls
Green, brown to black—wart
Tuberlike, deformed—smut
Raised, pimplelike, purple-brown—powdery scab, skin spot
White tufts—enlarged lenticels
To brown galls later becoming necrotic depression—powdery scab
Warty---root knot nematode
Also pimples--lesion nematode

Deformed
Irregular shape-—second growth, compacted soil, PAMYV, PSTV,
Rhizoctonia, mycoplasmas

Set close to stem, stolons very short—Rhizoctonia, blackleg,
mycoplasmas

Protruding eyes--second growth, PYVV

Pointed ends--second growth, PSTV

Elongate, round in cross-section-- PSTV

Dwarfed, deformed. possibly cracked, with internal necrotic
spots—AMV, PYDV, TRV, TSWV, PSTV, chemical injury

Internal arcs or rings- TRV, PMTV

Warty with internal black, scattered areas—smut

Normal Tuber Shape, Surface Unblemisked

Black selerotia on tuber surlace (soil that will not wash off)-R hizoctonia

Interior glassy or watery throughout or at stolen end-—second growth,
frozen tissue

Starch deposition irregular to very low—second growth, immature
tubers

Sugar in tissue -- low temperature storage



Surface and or interior
Shades of green  tuber greening
Underlying tissue collapsed  sunscald
Subsurface tssue
Blue to black  hlachspot
Dried. soft or sunken  wind injury
Brown at stolen attachment  stem-end browning
Necrotic ares to flecks TRV, PMTV
Center. hollow or cracked  hollow heart
Interior firm
Necrotic (rust colored) spots or flecks principally in medullary
tissue internal heat necrosis, phosphorus deficiency, calcium
deficiency. AMV, PAMV, PYDV, TRV
Necrotic to tan discolored areas PVY*
Rust colored ares or rings TRV, PMTV
Net (phloem) scattered necrosis  PLRV., low temperature injury,
stem-end browning, PAMV
At stolon attachment  stem-end browning, chemical injury, low
temperature injury, caleium deficiency, Fusarium wilt, Verticillium
wilt
Mahogany colored interior  low temperature injury
With glassy texture, starch depletion  second growth
Interior firm to solt
Smoky gray discoloration  tow temperature injury, leak
Black medulla  blackheart
Vascular discoloration
Soft texture, ooze when squeezed  ring rot, brown rot
Firm to soft. dark  low temperature injury
Firm. confined to vascular area, brown to black possibly with water-
soiaked border  Fusarium wilts
Firm near stolon attachment  calcium deficiency, stem-end
browning, Fusarium wilts
Netlike, more severe near stolon end  Verticillium wilt, chemical
injury, stem-end browning
Discoloration evident through skin
Indistinct lines, ares, or blotchy areas - TRV, PMTV, TSWYV,
PAMV
As raised rings  PMTV
Gray-brown discoloration  brown rot, pink rot, pink eye

Normal Tuber Shape, Surface Blemished Without Active Rot
Chalky white spots below skin. later dry granular, becoming
darker  rot nematode
Blisters TNV
Brown rings to necrotic areas  PVY', PMTV, TRV
Skin cracked tuber cracks, Rhizoctonia, PYDV, PSTV, PMTV,
I'NV, boron deficiency
Or feathered  surface abrasions
Lenticels affected  enlarged lenticels, bacterial soft rot, powdery scab,
stem rot, charcoal rot, gangrene, PSTV
Underyling tissue brown to black  pink rot
Stalonattachment discolored  chemicalinjury, jelly end rot, stem-end
browning, brown rot, ring rot, stem rot, Verticillium wilt,
Fusarium wilts, boron deficiency, charcoal rot, pink rot
Also of medullary areas  soft rot, blackleg
Eves discolored
Principally at tuber tip  pink eve, Verticillium wilt
Anywhere  charcoal rot, Fusarium wilts
Duark colored  gangrene
With soil adhering  brown rot
Purplish bliack raised spots  skin spot
With watery exudate  frozen tubers
Wounds infected  bacterial soft rot, powdery scab, leak, Fusarium
tuber rots, gangrene
Shallow lesions anywhere
Necrotic skin, dark  gangrene, sunscald, high temperature field
injury. low temperature injury, wind injury, TNV
Silvery sheen to light brownish surface - silver scurf
Silvery to brown with very small black scleratia---black dot
Irregular purplish brown  lesion nematodes
Raised lesions
Purplish corky to necrotic spots, sometimes around eyves —skin
spot
Circular lesions  Thecaphora smut
Reddish purple mycelium and sclerotia on surface. sunken areas
below  violet root rot
Brown sunken blotches PAMYV
Brown to dark sunken pits, russet or raised lesions or russet
discoloration
Underlying tissue firm, corky, at stolen end - potassium deficiency

Tan brown to black--common scab, TNV
Raised pustules white, later depressed, dark brown—powdery scab
Pitted - Rhizoctonia
Necrotic often in bands. scablike--chemical injury
Firm lesions, slightly sunken, relatively shallow
Reddish brown—late blight
Black—early blight
Purplish mycelial mat---violet root rot
Circular—Fusarium wilts, Fusarium tuber rot

Active Rot
Skin cracks, discolored--ring rot
Cavities spongy, shrunken--Fusarium tuber rots
With white mycelium and black sclerotia—white mold
Cortex less severely rotted than medulla—ring rot leak
Possible holes through the tuber—lightning injury
Gray smoky discoloration
Of cortex, vascular ring, or medulla—low temperature injury
Black medulla-— blackheart
Anywhere bordering rotted tissue—--leak
Watery
At stolon end- -jelly end rot
On exposure to air shades of pink, brown to black—frost injury
Charcoal rot, later spongy-—leak, pink rot
Later chocolate brown dries as zonate lesions—— Rhizopus
Semiwatery
Brown flabby decay--gray mold
Light gray, cavities with mycelium, and black sclerotia—charcoal rot
Advancing margin clearly delimited - white mold, Fusarium tuber rot
Dark line-— leak, pink rot
Tissue firm to dry, punky with cavitics
Pustules of spores on surface-~ Fusarium tuber rot
Dry granular, shrunken —rot nematode
Vascular tissue discolored reddish brown to black— brown rot, ring rot
Lesions thumbnail to deep, dark cavities—gangrene
Loose gray white mycelium on surface and in soil, rot black,
carbonaccous -- Rosellinia
Fanlike mycelium on tuber and on soil surface, semifirm decay, cheesy
rot—stem rot
Tuber shell remains - leak

Secondary Rots

Slimy, cream to tan, often foul odor—bacterial soft rot, Fusarium
tuber rots. These and others follow primary pathogens such as brown
rot, ring rot, low or high temperature injury, blackheart, late blight,
stem rot, charcoal rot, Rhizopus rot, and rot nematode.

Seed Tubers

Decay—oxygen relations, blackheart, adverse temperature (low or
high), Fusarium tuber rots, leak, bacterial soft rot, stem rot
Dormant, or delayed in germinating— PYDV, APMV, mycoplasmas
Dormancy lacking--psyllid yellows, witches’ broom, second growth
Abnormally thin— genetic abnormalities, hair sprout, mycoplasma
Many - witches' broom
Growing into the tuber-—internal sprouting
Forming tuber directly - second growth, secondary tubers, hair
sprouts, calcium deficiency
Swollen, curved—-coiled sprout
Necrotic
Just below tip-- calcium deficiency
Soft, progressing from seed piece — blackleg
Brown lesions
In storage. transverse cracks—-skin spot with girdling
In field - Rhizoctonia

Stolons

Short--potassium deficiency
Numerous. long—-genetic abnormalities
Dark, covered by gray-white mycelium--Rosellinia
Necrosis - pink rot
Brown lesions  skin spot
And girdling - Rhizoctonia
With dotlike sclerotia --black dot
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Galls
White to brown—powdery scab, smut
On tips— wart

Roots

Galls
White to dark brown— powdery scab, root-knot nematode
As beads along root—false root-knot nematode

Cysts, white to brown—cyst nematodes

Brown lesions—skin spot

Cortical decay
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Dotlike sclerotia—black dot
Large sclerotia - Rhizoctonia
Cortical injury--lesion nematodes
General rot— Fusarium wilts
Necrosis
Brown to black-— pink rot
Dark, covered by gray white mycelium-- Rosellinia
Poordevelopment—potassiumdeficiency, phosphorusdeficiency,
nitrogen toxicity
Stunted —magnesium deficiency, boron deficiency, aluminum toxicity,
cyst nematodes, stubby-root nematode
Proliferation of lateral roots-—cyst nematodes. root-knot nematode

(Prepared by W. J. Hooker)



Equivalent Names of Potato

Common Name
Causal Factor

Other Names

Spanish German

Diseases

French

Air pollution injury
Photochemical oxidants
Sultur oxides

Alfalfa mosaic
virus
AMV

Ahernaria alternata

Andean potato
latent virus
APLY

Andean potato
maottle virus
APMV

Armillaria dry rot
Armillaria mellea

Aster vellows, stolbur,
and allied discases
Mycoplasma

Bacterial soft rot
Lrwinia carotovora

Black dot
Colletorrichum
atramentariym

Blackheart
Blackleg
Blackspot

Brown rot
Psewdomonas
solanacearum

Cercospora leaf

blotches
Cercospora spp.

Charcoal rot
Macrophomina phaseoli

Chemical injury

Choanephora blight
Choanephora

cucturhitarum

Coiled sprout

Lucerne mosaic

Calico

Tuber necrosis
virus

Purple top wilt
Tomato big bud
Purple top roll
Hayvwire

Late breaking virus
Blue stem
Moron

Purple dwart
Yellow top
Bunch top
Apical leafroll

Solt rot

Internal bruising
Enzymatic graving
Blue bruise
Bluespot

Ructerial wilt
Southern bacterial wilt

Cercospora leal spots

Danos provocados por
contaminacion ambiental
Oxidantes fotoquimicos

Gases sulfurosos

Mosaico de la
alfalfa

Virus latente de tos Andes

Motcado andino

Punta morada
Amarillamiento
apical violiceo

Pudricidn blanda

Antracnosis
Punteado negro

Corazon negro
Pierna negra

Mancha negra no
infecciosa

Marchitez bacteriana
Pudricion parda

Minchon loliar

Pudricion carbonosa
Daios por agentes
guimicos

Mucrte regresiva

Brote doblado

Kalikokrankheit

Hallimasch

Stolburkrankheit
arastolbur
Mectastolbur

Knollennassfiiule
Nassfiule
Colletotrichum-
Schalennekrose
Colletotrichum-Welke

Schwarzherzigkeit

Schwarzbeinigkeit
Graufleckigkeit
Schwarzfleckigkeit
Blauverfiirbung

Schleimk rankheit
Bakterielle Braunfiiule

Gelbfleckigkeit

Cercospora-
Blattflecken-
krankheit

Pourridie-agaric
Armillaire

Pourriture molle
bictérienne

Dartrose
Anthracnosc
Cocur noir

Jambe noire

Taches cendrées
Tachetures bleues
Taches plombées

Pourriture brune

Tacies loliaires
Ccrcosporiose

(continued on next page)
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Common Name

Causal Factor Other Names Spanish German French
Common rust Rova comiin
Puccinia pittieriana
Common scab Scab Sarna Kartoffelschorf Gale cominune
Streptomiyees scabies Sarna comin
Cucumber mosaic Mosaico del pepinillo Gurkenmosaikvirus
CMV
Deforming mosaic Mosaico deformante
PDMV
Deforming rust Roya peruana
Aecidium cantensiy
Early blight Tizén temprano Diirrfleckenkrankheit Rrilure alternarienne

Alternaria yolani

False root-knot nematode
Nacobbuys aberrans

Fusartum dry rots
Fusarium solani
F. roseum

Fusarium wilts
Fusarium eumartii
F. oxvsporum
F. avanaceum
F. solani

Gangrene
Phoma exigua

Gray mold

RBotrvtis cinerea

Hail injury

Hair sprout

High temperature
field injury

Hollow heart

Internal heat necrosis

Internal sprouting

Late blight
Phytophthora infestans

leak
Pvthium spp.

Lesion nematodes
Pratvlenchus spp.

Lightning injury

LLow temperature
foliage injury
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Fusarium storage rots
Seed piece decay

Spindle sprout

Internal brown spot
Internal rust spot
Internal spotting

Ingrown sprouts

Watery wound rot

Mancha negra de la
hoja

Falso nematodo del
4
nudo de la raiz
Rosario

Pudriciones secas por
Fusarium

Marchitez por Fusarium

Gangrena
Cancro
Pudricién de la rafz

Pudricion gris
Moho gris

Dahos provocados por
granizo

Brotes filiformes

Dahos a la planta
por alta temperatura

Corazon vacio

Necrosis interna de
los tubérculos

Brotamiento interno

Tizon tardfo
Hiclo

Gota
Rancha

Pudricién acuosa
Gotera

Nematodo de la lesidn
radicular de racines

Daftos provocados
por relampagos

Dahos en el follaje por
baja temperatura
Heladas

Dorrfleckenkrankheit

Fusarium-Trockenfiule
Fusarium-Weissfiule

Fusarium-Welk

Phoma-Stengelbraune
PPhoma-Trockenfiule
Phoma-Knollenfiule

Grauschimmel
Pustelfiiule

Hagelschiiden

Fadenkeimigkeit

Hohlherzigkeit

Eisenfleckigkeit

Braunherzigkeit

Kringerigheid
(Dutch)

Innerer
Keimdurchwuchs

Krautfiule

Knollenfiule
Braunfiiule

Wiissrige Wundfiule

Frostschiiden an
der Pflanze

Maladie des
taches brunes

Nematode cécidogene
de Cobb

Nematode de gales
velues

IFusariose

Pourriture seche
fusaricnne

Flétrissure fusarienne

Gangrene
Pourriture phoméenne

Pourriture grise
Moisissure grise

Dégits de gréle

Coeur creux

Taches de rouille

Germination introrse

Mildiou

Pourriture aqueuse

Nematode des lesions
de racines

Dégits de froid

(continued on next page)



Common Name

Causal Factor Other Names Spanish German French
Low temperature Dafos en el tubéreulo por  Frostschiiden an
tuber injury baja temperatura der Knolle
Kalteschaden an
den Knollen
Nonvirus leafroll Enrollamiento no viral Physiologisches
Blattrollen
Nutrient imbalance Desbalance nutricional
Phoma leaf spot Black blight Tizon foliar
Phoma andinag Tizon negro
Pink eve Red xylem disease Ojo rosado Rosissement
Pseudomonas Bruise infection des yeux
fluorescens Brown eye
Pink rot Watery rot Pudricién rosada Rotfiule Pourriture rose
Phytophthora wilt Podredumbre Rosafiule Pourriture humide
ervihroseptica rosada

Phytophthora spp.

Pleospora
herbarum

Potato aucuba
mosaic
PAMY

Potato cyst nemnatodes
Globodera spp.
(Hererodera spp.)

Potato leafroll virus
PRV

Potato mop-top
PMTV

Potato rot nematode
Ditvlenchus destructor

Potato spindle tuber
viroid
PSTV

Potato virus A
PVA

Potato virus M
PVM

Potato virus S
PVS

Potato virus T
PVT

Potato virus X
PVX

Pseudo net necrosis
Tuber blotch
Viruses Fand G

Golden nematodes
Potato root celworm

Potato phloem aecrosis
Tuber net necrosis

Mop-head
Yellow mottling virus

Unmottled curly
dwarfl

Tomato bunch top

Gothic

Mild mosaic

Potato leafrolling
mosaic

Interveinal mosaic

Paracrinkle

Potato viruses E and K

Potato latent

Potato mild mosaic
Potato simple mosaic
Healthy potato virus
Potato viruses B and D

Mancha foliar
por Pleospora

Mosaico aucuba

Mosaico necrotico

Nematodo del quiste
Nematodo dorado

Enrollamiento
Enrollado
Enanismo amarillo

Mop-top de la papa

Nematodo de la pudricion
de la papa
Pudricion seca de la papa

Tubeérculo ahusado

Mosaico suave

Mosaico crespo

Mosaico latente
Mosaico leve

Akuba Mosaik
Aucubamosaik

Gelber Kartoffel
nematode
Kartoffelzystenilchen

Blattrollkrankheit
Blattrollvirus
Knollennetznekrose

Kartoffelkritzealchen
Nematodenfiuvle der
Kartoffe!

Spindelknollen-
krankheit

Rauhmosaik

Rollmosaik

Kartoffel X-Mosaik
l.eichtes Mosaik

Mosaique d’anchuba

Maladic de la pomme
de terre

Nematode sur pomme
de terre

Enroulement

Pourriture du
tubercule
Nematode de la
pourriture du
tubercule de
pomme de terre

Tubercules en fuseau
Tubercules fusiforme

Frisoléec mosaique

Mosaique légere

(continued on next page)
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Common Name

Causal Factor Other Names Spanish German French
Potato virus Y Rugose mosaic Mosaico rugoso Strichelkrank heit Bigarrure
PVY Streak Mosaico severo Frisolée
Leatdrop streak
Stipple streak
Potato virus C
Potato yellow dwarf Enanismo amarillo Gelbzwergigkeit
PYDV
Potato yellow vein Vein yellowing Amarillamiento de
PYVV virus las nervaduras
Powdery mildew Oidiosis Echter Mehlau Oidium

Lrysiphe
cichoracearum

Powdery scab
Spongaspora subterranea

Psyllid yellows

Rhizoctonia canker
Rhizoctonia soluni

Rhizopus soft rot
Rhizopus spp.

Ring rot
Corynehacterium

sepedonicum

Root-knot nematodes
Melvidogyne spp.

Rosellinia black rot

Rosellinia spp.

Seeond growth
Jelly end rot

Sceeondary tubers

Septoria leaf spot
Septoria lvcoperyici

Silver seurf

Helminthosporium solani

Skin spot
Oospora pusiulans

Smut
Thecaphora solani

Stem rot
Sclerotivum rollsii

Stem-end browning

Stemphylium consortiale

Stubby-root nematodes
Trichodorus primitivus
Parairichodorus spp.

Sugar beet curly top
BCTV
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Corky scab

Black scurfl

Bacterial ring rot

Torbo

No-top
Little potatoes

Thecaphora smut

Southern blight

Green dwarf

Mildiv pulverulento

Rona
Polvosa
Sarna polvosa

Amarillamientos por
psfllidos

Rhizoetoniasis

Costra negra

Pudricion blanda por
Rhizopus

Pudricion anular

Nematodo del nudo de
Ié

la raiz

Torbo

Mortaja

Lanosa

Crecimiento secundario

Pudricion apical
gelatinosa

Tubéreulos secondarios

Mancha anular de la hoja

Costra plateada
Mancha plateada
Caspa plateada
Mancha de la cascara

Carbon
Buba

Pudricion basal

Bronceado de la base
de los tuberculos

Nematodes de la atrofia
radicular

Punta crespa

Pulverschorf
Kartoffelriiude
Rilude

Wurzeltoterkrankheit
Kartoffelpocken
Pockenkrankheit

Bakterienringliule
Ringrite
Baktericlle Schieimfiule

Wurzelgalleniilchen

Glasigkeit
Durchwuchs
Zwiewuchs
Kindelbildung

Knollchensucht

Silberschorl
Silberflecken

Tiipfelfleckenkrankheit

Sklerotium-Knollenfiule

Gale poudreuse
Gale spongieuse

Rhizoctone brune

Flétrissement
bactérien

Nodosite des
racines

Anomalie de
croissance
Aspect vitreux

Boulage

Couveuse

Gale argentee
Tache argentee

Tache de la peluce
Moucheture du tubercule

Brunissement du talon

Tache stemphylicnne

(continued on next page)
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Common Name
Causal Factor

Other Names

Spanish

German

French

Surface abrasions

Tobacco mosaic
™YV
Tobacco necrosis

TNV

Tobacco rattle
TRV

l'obacco ringspot
TRSV

Tomato black ring
I'BRV

Tomato spotted wilt

IsSwy

Tuber cracks

Tuber greening
Sunscald

Ulocladium blight

Ulocladium atrum

Verticillium wilt

Verticitlivm albo-atrum

I dahliae

Violet root rot
Rhizactonia
crocorum

Wart
Svachviritn
endobioticum

White mold
Sclerotinia
sclerotiorum
(also S. minor,

Sclerotinia spp.)

Wind injury

Witches' broom
Mycoplasma

Potato ABC disease

Stem mottle
Spraing
Corky ringspot

Andean potato calico

Bouguet
Pseudo-aucuba

Spotted wilt

Sun-green

Black wart

Stalk break

Northern stolbur
Dwarf shrub virosis

Pcladura

Mosaico del tabaco

Virus de la necrosis
del tabaco

Bouquet
Pseudo-aucuba

Marchitez apical
Necrosis de los
brotes
Necrose do topo
(Portuguese)
Viracabega (Portuguese)

Agrictadura de los
tubérculos

Verdeamiento
Escaldadura

Kasahui
Marchitcz por
Verticillium
Verticilosis
Pudricién

radicular violeta

Verruga
Rofa negra

Esclerotiniosis
Moho blanco
Pudricion dura

Pafios provocados por
el viento

Escoba de brujas

Tabaknekrosevirus

Ratel-Virus
Propfenbildung
Profenkrankheit
Stengelbuntkrank heit
Stengelbunt
Tahakmauchevirus

Bukettkrankheit
Bukettvirus
Gelbfleckigkeit

Bronzefleckenkrankheit

Rissigkeit
Wachstumrisse

Griinverfirbung
der Knollen

Welkekrankheiten
Wirtelpilz-Welkekrankheit
Verticillium-Welke

Violetter Wurzeltter

Violette Wurzelfiiule

Kartoffelkrebs

Sklerotinia-
Stengelfiule

Windschiiden

Hexenbesenkrankheit

Tacheture de la tige

Bouquet

Craquclement

Verdissement
Insolation

Maladie du jaune
Fletrissure verticilliene
Verticilliose

Rhizoctone

violet

Gale verrugueuse
Tumeur verruqueuse
Gale noire

Porriture du collet
Pourriture sclerotique

Dégats de vent

Balai de sorciere
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Glossary

abraded —rubbed or worn away, especially by friction; eroded

acervulus (pl. acervuli)—saucer-shaped or cushionlike fungus fruiiing
body bearing conidiophores, conidia, and sometimes setac

acre—unit of land area 43,5601t (0.40469 hectare: 4,046 .87 m’)

acute—developing suddenly; severe, ¢.g., symptoms of discase; or less
than 90°, describing an angle

adjuvant—a substance added to a medicinal to aid its action

adventitious—arising not at its usual site; e.g., roots originating from
stems, tubers, or leaves

aerial tuber—a tuber developing in the axils of leaves aboveground on
p()lil(() stenis

aerobic—requiring the presence of clemental oxygen for survival

agar—solidifying component of microbial culture media derived from
certain marine, red algae

akaryotic—describing a cell without well-differentiated nucleus

amorphous—lacking a definite form or shape

AMY =alfalfa mosaic virus

anaerobic—living and surviving in absence of elemental oxygen

anastomoses (sing. anastomosis)—interconnections between branches
ot the same ar different byphae (or other structures) to make a
network

antheridium (pl. antheridia)—fungus structure producing male gametes
(male gametangium)

anthocyanin—blue, purple, red. or pink water-soluble flavenoid
pigment in cell sap

antigen (adj. antigenic)—a foreign chemical, usually a protein, that
induces antibody formation when injected into an animal body

antiserum (pl. antisera)—scerum containing antibodies

apex (pl. apices, adj. apical)—tip of root or shoot containing the apical
meristem

aphid—a small, sucking, homapicrous inscct living on plant juices and
capable of transmitting viruses

APLY —=andean potato latent virus

APMYV —andean potato mottle virus

apothecium (pl. apothecia)~open cuplike or saucerlike, ascus-bearing
fungus fruiting body

appressorium (pl. appressoria)—swelling on a fungus germ tube or
hypha, especially for attachment to a host in an early stage of
penetration

ascospore—spore formed within an ascus

ascus (pl. asci)—saclike cell in which ascospores (typically eight) are
produced

ash—the solid, noncombustible residue left after burning

attenuated —reduced in virulence

aucuba—bright yellow mosaic leaf variegation of genetic or virus origin

avirulert—nonpathogenic

bacilliform—u blunt, thick rod shape, rounded on the ends;
bacillus-shaped

bacillus—type of bacterium, rod-shaped with rounded ends

bacterium (pl. bacteria)—typically, a single-celled niicroorganism
lacking chlorophyll and increasing by simple cell division

bar—metric unit of pressure, | bar = 0.987 atmosphere pressure, 10°
dynes/cm’

basidium (pl. basidia, adj. basidial)—a short, club-shaped fungus cell on
which basidiospores are produced

BCTV —sugar beet curly top virus

bentonite—an absorptive and colloidal clay used especially as a carrier

of chemicals (insecticides) or as ribonuclease inhibitor in virus
extraction

bi- (prefix)—two

bicollateral—vascular bundle having phloem both outside and inside
the xylem

binary fission—division of a cell into two daughter cells by simple
division of the nucleoplasm and cytoplasm

biotype —subspecies of organisms morphologically similar but differing
physiologically, particularly in ability to sclectively parasitize plants
with specific resistance

blight—a disease characterized by rapid and extensive death of plant
foliage

broadcast application—{ertilizer application by spreading or scattering
within or on the soil surface

buffer—a substance capable in solution of keeping hydrogen-ion
concentration constant and thereby avoiding rapid changes in
acidity or basicity of a solution

° C~=°Celcius (formerly° Centigrade), unit of temperature 0.01 between
boiling and freezing points of water at standard pressure. °C=(°F—
32)5/9and °F=9/5¢°C)+ 32

calcareous—rich in calcium, often as carbonate, lime

callose—a carbohydrate component of plant cell walls often forming
over sieve plates and in calcified cell walls

callus—a mass of parenchymatous cells formed over oraround a wound

camblum —lateral meristematic layer of stems and roots, giving rise to
sccondary xylem, sccondary phloem, and parenchyma and
responsible for secondary growth

canker~nccrotic, loculized, discased area

carbohydrate—various chemical compounds of carbon, hydrogen, and
oxygen, such as sugars, starches, or cellulose

catenulate—formed in chains or in an end-to-end series

cellulose—a carbohydrate comprising the primary cell wall substance

certification scheme—a governmentally supervised procedure of seed
propagation to insurc high quality, varietal purity, and freedom
from disease

chelate—relating to or having a ring structure that usually contains a
metal ion held by coordination bonds

chimaera—plant with several tissues or tissue layers differing in genetic
constitution

chip—in this text, a thin slice of potato tuber fried in deep fat

chlamydospore—thick-walled, asexual, resting spore formed by
rounding up of a hyphal cell

chlorosis (adj. chlorotic)—abnormal plant color of light green or yellow
due to incomplete formation or destruction of chlorophyll

chondriosomes—a generic term for small cytoplasmic structures
including mitochondria

chromosome—clongate aggregate of genes formed within nuclei at
certain stages of cell division

circulative—describing viruses that must accumulate within or pass
through the lymphatic system of their insect vector before
transmission to plan.s

cisterna (pl. cisternae)—a cavity within a cell enclosed by a membrane

clavate—club-shaped

cleistothecium (pl. cleistothecia)—closed usually spherical, ascus-
containing structure of powdery mildew fungi

clone—group of vegetatively (asexually) propagated plants derived
from a single original plant or plant part

CMYV —cucumber mosaic virus
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coalesce—union of similar structures merging or growing together into
a larger similar structure

coenocytic—multinucleate; e.g., a multinucleate plant body enclosed
within a common wall or a fungus filament lacking cross walls

comovirus—a virus within the group to which cowpea mosaic virus
belongs

conidiophore—specialized fungus hypha on which conidia
(conidiospores) are produced

conidium (pl. conidia)~anyasexually produced spore germinating by a
germ tube

cortex (adj. cortica!)—parenchymatous tissue between the epidermis
and phloem in stems, tubers, and roots

cotyledon—seed leaf; primary embryonic leaf within the seed in which
nutrient for the new plant is stored

cupulate—cuplike, cup-shaped

cuticle—water-repellent waxy covering (cutin) of epidermal cells of
plant parts such as leaves, stems, or fruits; also the outer sheath or
membrane of nematodes

cv, (cultivar)—a plant variety, a cultural selection

cwt—1001b, 45.45 kg

cyst—a capsule around certain cells, as bacteria in a resting spore stage;
also the egg-laden carcass of a female nematode

cystosori—a group of sporangia formed after division of a single
protoplast

cyto- (preflx)—referring to cell

cytoplasm-substance of a cell body exclusive of the nucleus

damping off—rapid destruction and collapse of seedling plants near soil
level due to cortical decay

decortication—Iloss of cortex due to rot

dehydrate—to reduce water content, to become dry

density gradient centrifugation—separation of components by
centrifugation in a column of a solution of increasing density

desiccate—to dry out

diagnostic—a distinguishing characteristic important for identification
of disease or other condition

dicotyledons (ad}. dicotyledonous)—plants having two cotyled ons (seed
leaves), in contrast to monocotyledons (the grasses and cereals)

dilution end point—the point at which infectivity or other activity is lost
due to dilution

diplold—having two sets of chromosomes (in potato 2n = 2x = 24)

distal—far or opposite from the end of attachment or origin

dolomitic limestone—limestone rich in magnesium carbonate, CaMg
(COs):

dormant—resting, living but in a state of reduced activity

electrophoresis—movement of charged particles aad macromolecular
ions under the influence of an electric field

ELISA —enzyme-linked immunosorbent assay, an extremely sensitive
serological test for virus or other antigens

elite seed—sced + .iccted from basic stocks of known origin, varietal
purity, and freedom from discase and protected from contamination
by sanitation and isolation

encapsidated—enclosed as if in a capsule

encyst (n. encystment)—to become enclosed in a cyst, a capsule

endemic—native to or peculiar to a locality or region

endoplasmic—pertaining to the inner granular, relatively fluid part of
the cytoplasm

enzyme~protein that catalyzes a specific biochemical reaction.

epicotyl—describing the portion of a plant embryo orseedling above the
cotyledonary node

epidemiology—study of disease initiation, development, and spread,
particularly as influenced by environment

epidermis (adj. epidermal)—outer layer of cells usually one cell thick on
plant parts. On tubers, the epidermis is very short-lived

epinasty—~downward ciurvature of leaf, leaf part, or stem due to rapid
expansion of the upper surface

erose—having the margin irregularly notched as if gnawed

erumpent —breaking out or crupting through the surface

exudate—usuallyan ooze or slime discharged from a diseased plant part

facultative—capablc of changing life style; c.g.. from saprophytic tc
parasitic or the reverse

fallow —describing plant-free cultivated land kept free from a crop or
weeds during the normal growing season

fasciated—malformed by growing together of plant structures, stems,
or buds

filament (adj. fllamentous)—thin, flexible, threadlike structure

filiform —threadlike

fixation—preservation of biological structures for microscopic
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examination by killing in suitable chemicals or physical conditions
50 as to avoid changes in structure

flaccid—wilted, lacking in turgor

fiagellum (pl. fiagella, adj. flagellar)—hairlike or whiplike appendage of
bacterial cells or fungus zoospares providing movement

flocculation —aggregation into a loose fluffy mass

fructification—in fungi, a sporc-bearing structure

fumigent—a vapor-active chemical used in the gaseosnc ;hase to kill or
inhibit growth of microorganisms or other pests

funglcide—a substance killing fungi; sometimes broadly used also for
substances inhibiting growth of fungi or spore germination

fungus (pl. fungi)—spore-producing plant lacking chlorophyll, often
causing disease of higher plants

g—_gram, a unit of metric weight, approximately 1/23 oz

galls—localized enlargements (overgrowths) on plants

gelatinous —resembling gelatin or jelly

gel-diffusion—a type of serological assay for virus identification

gemmatlon—in potato, successive production of tubersonastolonina
beadlike manner

genetic—relating to heredity; describing heritable characteristics as
influenced by germplasm

genotype—the entire genetic constitution of an organism

geotroplc—plant growth directed toward the force of gravity; e.g., roots

germ tube—initial hyphal strand from a germinating fungus spore

germplasm—material capable of transmitting heritable characteristics
sexually or asexually

giant cells—multinucleate cells formed by disintegration of cell walls;
also called syncytia in nematode infections

glycoprotein—a conjugated protein in which the nonprotein group is
carbohydrate

Gram stain—a stain for differentiating bacterial types

greening —dcvelopment of chlorophyll in tubers after exposure to light

ha—hectare, 10,000 m’ (2.47 acres)
haploid—having the single basic chromosome number as in most germ
cells
haulms—plant stems or stalks, vines of potato
haustorium (pl. haustoria)—specialized fungus protuberance into a
host cell, probably functioning in food absorption
herbaceous—nonwoody; e.g., a plant or plant part
herbicides—chemicals that kill herbaceous plants; also applied to those
that limit growth of such plants
heteroiogous—different although apparently similar; e.g., the reaction
between an antiserum and an antigen closely resembling but not
identical to the antigen causing the production of antibody
hexaploid—having six sets of the basic number of chromosomes (in
potato, 2n = 6x = 72)
histopathelogy—study of pathology of cells and tissues; microscopic
changes characteristic of disease
homogeneous—similar in certain characteristics, such as in chemical
nature or physical properties
host—plant that furnishes a medium suitable for development of a
parasite
hyaline—colorless, transparent
hybrid—sexually produced offspring of parents differing genetically. In
potato, further vegetative propagation may continue as a clone.
hydrated—having absorbed water
hydrolyzed—having undergone chemical decomposition involving
splitting of a bond and addition of hydrogen and oxygen
hyperplasia—abnormal increase in the number of cells, resulting in
formation of galls or tumors
hypersensitive—extremely or excessively sensitive; having a type of
resistance resulting from extreme sensitivity to a disease
hypertrophy—abnormal increase in the size of cells, resulting in
formation of galls or tumors
hypha (pl. hyphae)—tubular filament of a fungus
hyphal fusion—joining of fungal hyphae, usually with some exchange of
cell contents
hypocotyl—the part of a plant embryo or seedling below the cotyledons

jcosahedral—describing a regular polyhedron with 20 equilateral-
triangular faces

immunity —high resistance against a discase, exemption from infection;
or in an animal, having developed antibodies against a foreign
substance (usually a protein)

immunogenic—producing immunity, usually describing a protein
(antigen) capable of causing antibody formation when injected into
an animal

in vitro—in an artificial environment, usually outside the living body



in ¥ivo—in a living body

incipient—carly in development (of a disease or condition)

inclusion—nonprotoplasmic structure inside a cell

indicator host—plant that responds specifically to a particular
infection, used to detect a disease or to identify the pathogen

indigenous —native

infection —entrance and subsequent multiplication of a microorganism
in a plant

infection court—site in or on host plant where infeetion can oceur

infection propagules—infectious units of inoculum

inoculum—parts of & pathogen capable of infecting a host

intercalary —situated between existing layers or plant parts

intercellular—bciween cells

intercostal—between veins, interveinal

internode—portion of the stem between joints or leaf attachments

interveinal—between veins

intracellular—within cells

irradiation—cxp.osure to radiant energy of various types

isometric—cqually long, as a virus particle with all axcs of equal length
(essentially spherical)

kg—kilogram, 1,000 g (2.2 Ib)

labile—unstable

lamina (pl. laminae)—a layer; the broad expanded part of a leaf

larva—juvenile stage of certain animals (e.g., nematodes and aphids)
oceurring between the embryo and the adult

latent—present but invisible or inactive )

lateral buds—buds formed on stems at the axils of leaves

latex —rubberlike

leaching—removal of a chemical through solubility, usually in water

legumes—plints belonging to the Leguminosac, including beans, peas,
alfalfa, and clover

lenticel —natural opening in surface of leaf, stem, or tuber permitting
gas cxchange

lenticular—lens-shaped (convex on both faces)

lesion—distinct diseased area

leucoplast—colorless plastid

lipid —generic term for oils, fats, waxes, and related products found in
living tissues

locallesion host—a host (usually of a virus) responding by lesions at the
site of infection

locule (adj. loculur)—a cavity, especially one in a fungus stroma

Iysogeny —dissolution; cell destruction by dissolution

mucerate—tocause to become softened and desintegrated as by steeping
or soaking i1 fluid

marl—a type of soil, rich in lime, formed in the bottom of a lake or
swamp

mechanical injury—injury of a plant part by abrasion, mutilation, or
wounding

medullary—of or relating to the pith of a plant

melanin—dark to black pigment

meristem—plant tissuc functioning principally in cell division

meristem culture—ascptic culture of a plant or plant partfroma portion
of the meristem

mesophyll—central, internal, nonvascular tissue of a leaf, consisting of
the palisade and spongy mesophyll

microbial—pertaining to ar relating to microbes or microorganisms

microorganism—an organism of microscopic size

microprecipitin test or precipitin test—a type of serological test for virus

microsclerotia —very small sclerotia

microtubules—any of the minute eylindrical structures of a cell that are
widely distributed in protoplasm and are made up of longitudinal
fibrils

mildew--superficial (surface) fungus growth

mitochondria—various long or round cellular organelles thatare fcund
outside the nucleus of a cell, produce energy for the cell through
respiration, and are rich in fats, proteins, and enzymes

MLO —mycoplasmalike organisms

mm—millimeter, I 1000 of a meter, approximately 125 in.

um~micron or micrometer, 10" m. approximately 125,000 in.

molecular weight—the weight of a molecule expressed as the sum of the
atomic weights of its constituent atoms

molecule—the smallest particle of a substance composed of one or more
atoms that retains the properties of the substance

monocotyledons (adj. monocotyledonous)—plants (including the
grasses) with one seed leaf

monogenic resistance —resistance determined by  single gene

morphology—study of form and structure

mosaic—discase symptom usually of a virus; nonuniform foliage
coloration; a more or less distinet intermingling of normal, light
green, or yellowish colored patches; a mottle

motile—cxhibiting or capable of movement

mottle—discase symptom comprised of light and dark areas, an
irregular pattern on a leaf

muck soil—soil similar to peat soil, often having a lower percentage of
organic materials

multinucleate—having more than one nucleus enclosed within a cell
wall

muriform —having cells like bricks in a wall with both longitudinal and
transverse septa

mutation—heritable genetic change in a cell

mycelium—hyphae compromising the thallus or body of a fungus

mycoplasma (mycoplasm)—procaryotic organism, smaller than
bacteria and larger than viruses, without rigid cell walls and va rying
in shape, reproducing by budding or fission

necrosis (adj. necrotic)—dcath of plant cells or plant parts, usually
accompanied by darkening or discoloration; a symptom of disease

nematicide—chemical agent that kills nematodes

nematode—threadlike round worms of the order Nematoda, usually
soilborne, of which a number of microscopic size attack potatocs

net necrosis—nccrosis of phloem tissues within tubers causing a netlike
pattern of internal discoloration

nm—nanometer, 10 “m, 0.001 ym

node—jaintin a stem, also the eye of tuber at which leaves and axillary
buds are formed

nonpersistent—short-lived; said of viruses that are infectious for only
short periods when transferred in or on insect mouthparts

nonseptate—describing fungus filaments without cross walls

nymph—juvenile stage of insect with incomplete metamorphosis but
superficially resembling the adult

obovate —cgg-shaped with wide end outward

obovoid —egg-shaped with narrow end outward

omnivorous—feeding on suhstances of both animal and vegetable
origin

oogonium (pl. oogonia)—the female egg cell of comyceete fungi

oospore—thick-walled, sexually derived resting spore of phycomy-
ceteous fungi

organelle—delimited membranous structure within a cell having a
specialized tunction

ostiole—-pore; opening in a perithecium or pyenidium

ozone—0:, a photochemical oxidant air pollutant

palisade —a layer or layers of columnar cells rich in chloroplasts present
beneath the upper epidermis of plant leaves

PAMY —potato aucuba mosaic virus

papillum (pl. papilla)—small, round or nipplelike projection

paracrinkle—a symptom of mild crinkle in virus infections

paragynous—having the antheridium at the side of the oogonium

paraphyses—hairlike cells within a fungus fruiting structure

parasite—organism that lives with, in, or on another organism (host)to its
own advantage and to the disadvantage of the host

parenchyma~—soft tissuc of living plant cells with undifferentiated, thin,
cellulose walls

pathogen (adj. pathogenic)—the causal agent of a disease

peat soil—a soil type, high in organic materials conisting of partially
decayed, moisture-absorbing plant materials, formed in bogs or
swamps

pectolytic—cnzyme capable of dissolving pectin (the substance that
normally cements plant cells together)

pedicel —stalklike structure

pentaploid—having five sets of chromosomes (in potato, 2n = 5x = 60)

peptone—any of various water-soluble products following partial
Lydrolysis of proteins

perennial—a plant naturally persisting vegetatively for more than one
year or growing season

periclinal chimaeras—plants with inner tissues gencetically different
from outer tissucs

peridial—rcferring to the outer envelope of the sporophore of many
fungi

pericycle—a thin layer of parenchymatous or sclerenchymatous cells
that surrounds the stele in most vascular plants

permeability (adj. permeabile)—the quality or condition allowing a
fluid or substance in a fluid to pass or diffuse through a membrane

persistent—describing a relationship between virus and vector
characterized by a lapse of several hours between acquisition and
first transmission and the continuation of virus transmission for
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many days following removal of the insect from the virus source

petiole—stalklike portion of a leaf attached to the stem and supporting
the lamina

pH—measurement of acidity or basicity; pH 7 being neuiral, values
below being acid, and those above being basic (alkaline)

phenol (adj. phenolic)—a toxic acidic compound, C,H.OH, used as a
disinfectant or protein denaturant

phenolase~an enzyme capable of degrading phenolic compounds

phloem—vascular tissue consisting usually of sieve tubes, companion
cells, and parenchyma that conducts claborated food materials

photochemical oxidants—highly reactive compounds formed by action
of sunlight on less toxic precursors

photodegredation —dcgredation due to light, usually sunlight

phyllody~change of a plant organ into a foliage leaf

phytotoxic—harmful to plants; usually describing a chemical

pigmentation—coloration

pinnate—describing leaves having similar parts arranged on oppasite
sides of the axis

pitch—in a filamentous virus particle, the axial distance between
adjacent turns of a row of capsids

pith—loose, spongy tissuc in the center of certain stems

plasmodium (pl. plasmodia)—naked mass of protoplasm without cell
walls containing nuclet and cytoplasm, usually of a fungus

plastid—any of various cytoplasmic organelles (chloroplasts,
leucoplasts, cte.) that serve in many cases as centers of special
metabolic activities

pleomorphic—with various shapes; of nonconstant form

PLRY—potato leaf roll virus

PMTV~potato mop-top virus

podzol—type of light colored, relatively infertile soil of cool, coniferous
forests poor in lime and iron

pollen—malc sex cells produced by anthers of flowering plants

polymerize—to subject to or undergo a chemical reaction in which two
or more similar molecules combine to form larger molecules of
repeating structural units ‘

polyploidy ~—state of having more than two chromosome sets

polysaccharide—a carbohydrate that can be decompased by hydrolysis
into two or more molecules of monosaccharides

ppm—nparts per million

primary inoculum—inoculum, usually from an overwintering source,
that initiates disease in the ficld, rather than that which spreads
disease during the season

primary symptom—the symptom produced soon after infection, in
contrast to a secondary symptom, which follows more complete
invasion

primordium (adj. primordial)—the rudimentary or initiating portion
from which a plant part is formed

progeny—descendans, offspring

propagule—any part of an organism capable of independent growth

protein—any of numerous naturally occurring, complex combinations
of amino acids, which are essential constituents of all living cells

protoxylem—the first-formed xylem, with annular. spiral, or
scalariform wall thickenings

pseudosclerotin —sclerotialike structures

PSTV —potato spindle tuber viroid

psyllids—jumping plant tice of the family Psyllidac

punctate—dotlike. marked with dols or tiny spots

pustule—blisterlike: small erumpent spot. spore mass, or sorus

PVA —potato virus A

PVM—potato virus M

PVS—potato virus S

PVT —potato virus T

PVX—paotato virus X

PVY—potato virus ¥

pyenidiospores—spores (conidia) produced in a pyenidium

pyenidium (pl. pycnidia)—asexual, globose or Mask-shaped [(ruiting
body of fungi producing conidia

PYDV—potato vellow dwarl virus

PYVV—potato vellow vein virus

quinones—any of various (usually yellow, orange, or red) quinonoid
compounds, including several that are biologically important as
cocnzymes, hydrogen acceptors, or vitamins

race—biotype

reducing sugars—sugars with free carbonyl groups such as fructose,
formed from hydrolysis of complex sugars

resistance (adj. resistant)=-property of hosts that prevents or impedes
infection or disease development
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resorption—the action of absorbing again a substance previously
differentiated

respiration—enzymatic reactions within a living organism utilizing O:
and releasing CO:, usually for production of energy

resting spore—temporarily dormant spore, usually thick-walled, and
capable of surviving adverse environments

reticulum (adj. reticular, reticulate)—nctlike or weblike structure

rh—relative humidity

rhizome—horizontal underground stem of more than one year's
growth, possessing buds, nodes, and usually scalelike leaves

rhizomorph—fungus mycelium arranged in strands, rootlike in
appearance

rhizosphere —microenvironment in soil near to and influenced by plant
roots

ribonucleic acid—any of a number of nucleic acids containing ribose,
uracil, guanine, cytosine, and adenine and associated with control of
cellular chemical activity; the nucleic acid type of most plant viruses

RNA —ribonucleic acid

rogue (noun)-—~discased or abnorme! plant; (verb)—to remove rogues
during their growth

root cap—protective cap covering apical meristem at root tip

rosario—arranged as beads on a string (Spanish for rosary)

rugose mosaic~scvere mosaic accompanied by deformation such as
leaf crinkling, curling, or roughening of leaf surface

saprophyte--nonpathaugenic plant that obtains nourishment from the
products of organic breakdown and decay

scald~a nccrotic condition of tissue, usually bleached in color, with
appearance of having been exposed to high temperature

sclerotia—drought-resistant or heat-resistant form of fungus structure,
usually with thick, hard cell walls permitting survival over adverse
environments

second growth—resumption of growth after normal growth has ceased

secondary organism—organism that multiplies in already discased
tissue; wot the primary pathogen

secondary rot—rot caused by a secondary organism

secondary symptom—symptom of virus infection appearing after first
(primary) symptoms; in potato, a symptom often from infection
borne by seed-tubers

seed tubers—tubers or tuber parts planted as seed for asexual
propagation of potato

senesce (n. senescence)—to decline with maturity or age; often hastencd
by stress from environment or discasc

septum (pl. septa)—cross wall

serological method—several types of tests for identifying viruses by
using an antiserum that reacts specifically with a given virus protein

serum—colorless, liquid component of blood used in serological tests
for viruses

seta (pl. setae)—bristlelike fungus structure

sieve tube—a tube consisting of an end-to-end series of thin-walled cells
in the phloem, with ends (sieve plates) perforated and thickened,
functioning chiefly in translocation of organic solutes

solanine—a potentially toxic glyzoalkaloid present in plants of the
Solanaceac, including potato

somatic—relating to the body, especially body cells as distinguished
from germplasm

somatic aberration—mutation or abnormality in a somatic cell and its
progeny

sorus (pl. sori)—a group of spores that is formed within plant tissuc and
that may crupt through the surface

sp. (singular, pl. spp.)—spccies

specific gravity—in potatoes, dry matter content of tubers expressed as
weight per unit of volume; used as an indication of starch content

sporangium (pl. sporangia)—a type of fungus structure producing
asexual spores, usually zoospores

sporangiophore—a sporangium-bearing body of a fungus

spore—reproductive body of fungi and other lower plants, containing’
one or more cells; a bacterial cell modified to survive adverse:
environment

sporiferous—bcaring or producing spores

sporophore—a spore-bearing bady in fungi

sporulating—producing and often liberating spores

ssp.—subspecics

sterigma (pl. sterigmata)—small, usually pointed protuberance on
which basidiospores are borne

sterile—{ree from contaminant organisms; incapable of propagation;
infertile

stolon—type of underground stem on the tip of which, in potato, tubers
are formed

stomate (pl. stomata)—opening in the epidermis of a plant part



surrounded by guard cells and leading to an intercellular spitee
through which gases diftuse
strain—a sclection of an organism with peculiar characteristics; race:

biotvpe

stylet—slender tubular mouthparts in plant-parasitic nematodes or
aphids

subculture—u culture (c.g.. of hacteria or fungi) derived from another
culture

suberin—waxy, watcr-impervious substance associated with corky
tissue deposited inor on plant cells

suberized—=infiltrition of cell walls with suberin

suboxidation—del.zieney of oxyvgen that impairs norma! respirition

substrate—the substance on which an organism lives or from which it
obtains nutrients; chemical substance acted upon, olten by an
enzyme

succulent (oun or adj.)—plant, or plant part with tender, juicy, or
WALErY tissties

supercooled —describing liguid cooled helow its freezing point without
formation of 1ce crystals

surfactant —a surface-active substance moditving surface tension of
liquids and their ability to wet other materials

susceptible—lacking resistance: prone to inlection

SYIL —s\Ionym

syneytinm (pl. syncytin)—multinucleate mass of protoplasm resulting
trom contnued nuclear division or cell wall breakdown and
sabsequent fusion of protoplasts and surrounded by a common eell
witllsabso called giant cells in nematode infections

TBRY —~tomato black ring virus

tensile strength—the greatest lengthwise stress a substance can bear
without tearing apart

tetraploid —having four sets of chromosomes (in potato, 2n = 4x = 48)

thermal inactivation temperature —the temperature at which infectious
entities are inactivated usually within a given time period

tilth—state ol soil aggregation or consisteney: goad tilth implying
porous, friable texture

TMY —tobacco mosaic virus

TNV —tobacco necrosis virus

tolerance—capacity of a plant or crop to sustain disease or endure
adverse environment without serious damage or injury

toxic—capable of cavsimg injury to a living organism

toxin—puoisonous substanee of biological origin

translocate (n. translocation)—to transfer 1rom one location to
another in the plant body

translucent —permitting light to shine through as diffused light

transmit—to spread or transfer,as aninfectious pathogen from plant to
pliant or from one plant generation to another

trichome—ptant epidermal hair, of which several types exist

triploid—having three sets of chromosomes (in potato, 2n = Ix = 36)

triturate—to grind as with a mortar and pestle

TRSV —tobucco ringspot virns

true seed —sced resulting trom sexual fusion of gametes (in contrast to
seed tubers of potato, which are produced asexually)

TRV —tobacco rattle virus

TSWY —tomato spotted wilt virus

tuber—short, thickened, fleshy underground stem, borne usually at the
end of a stolon

tuber indexing—propagation of a plant from a tuber or a tuber partto
determine presence of a tuberborne discase

tuberize—to form tubers

turgid—distension of cells or tissues due to water absorption

turgor pressure—internal pressure within plant cells. Lack of turgor
causes plants to wilt.

tyrosinase—an cnsy e widespiead in plants and animals that catalyzes
oxidation of tyrosine

tyrosine—a metabolically important phenolic amino acid

uninucleate—having one nucleus

vascular—pertaining to conductive (xvlem and phloem) tissues

vascular ring—circular arrangement of vascular strands within a stem
or tuber

vascular strand —group of clongated cells including xylem, phloem, and
parenchymatous tissue, providing for movement of water and
solutes and for mechanical support

vector—agent that transmits inoculum and is capable of disseminating
discase

vegetative—referring to somatic or asexual parts of the plant not
involved in sexual reproduction

viroid—the smallest known infections agent consisting of nucleic acid
and lacking the usual protein coat of viruses

virulent—pathogenic: having capacity for causing discase

viruliferous—virus-carrving: usually an inscet or nematode

virus—an infective particle smaller than a bacterium containing protein
and nucleic acid and capable of multiplying within plant or animal
cells

volunteer plant —a potato plant growing from an unharvested tuber as a
weed

xylem—complex woody tissue consisting of vessels, tracheids. fibers,
and parenchyma that transports water and solutes and may serve
also for mechanical support

zonate (n. zonation)—marked with stripes or lines more or less parallel
to the edge of the lesion

Z00sporangium—i spore case or sporangium-bearing zoospores

zoospore—{ungus spore with flagella capable of locomotion in water

zygote—sexually produced cell formed by the union of two gamates
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Abrasions, tuber surfacces, 14
Aceratagallia sanguinolenta, potato yellow
dwarf virus vector, 82
Actinomyces scabies, see Strepromycees scahies
Acvrthosiphon spp., 102
Aecidium cantensiy, rust from, 65
Agallia quadripunciara, potato yellow dwarf
virus vector, 82
Agrobacterium sp.. in healthy tubers, 33
Air pollution, injury from, 20
Alfalfa mosaic virus, 82
symptoms, 83
control, 83
Alternaria
alternara, 44
solani, 43
tenuis, 44
Aluminum, toxicity from, 24
Andean potato latent virus
symptoms, 78
control, 78
Andean potato mottle virus
svmptoms, 77
control, 77
Angiosoruy solani, smut caused by, 64
Aphids
deseniption, 101
table, kev to wingless forms, 102
Aphis
Sabae, 102
Irangudae, potato virus M vector, 75
gossypii-frangulae, 102
nasturtii, potato virus M vector, 75
Apical leafroll, 91
Armillaria mellea, tuber rot from, 66
Aster yellows, symptoms, 91
Awvlacorthum solani, 102
Avenaceum wilt, see Fusarium wilts

Bacillus spp.
soft rot caused by, 28
megaterium, in healthy tubers, 33
Bacterial wilt, symptoms, 29
Belanolaimus longicaudatus, 94
Black dot
Colletotrichum cause, 55
silver scurf similarity, §5
Black scurf
cause, 53
control, 54
symptoms, 52
Blackheart
ause and symptoms, 10
temperature relation, 9
Blackleg, symptoms, 27
Blackspot, potassium deficiency predisposing
to, 23
Blight, sce Early blight or Late blight
Blitecast. late blight epidemic forecasting, 42
Blue stem, 91
Boron deficiency, symptoms, 24

Index

Botrytis cinerea
gray mold caused by, 48
ozone predisposing to infection by, 21
Brown rot
ring rot compared to, 29
symptoms, 29
Browning
internal mahagony, temperature relation, 9
stem-end, symptoms, 22
Bunch top. 91

Calcium deficiency, symptoms, 23, 24
Catechol test, use of, 15
Cavariellu pastinacae, 102
Cercospora
concors, leal blotch caused by, 47
solani-tuberosi, leaf blotch caused by, 47
Cercospora leaf blotch
cause and symptoms, 47
control, 47
Certification, seed potato, 104
Certified sced potato, fraudulent use, 104
Chaetomiun spp.. leaf spots from, 66
Charcoal rot
cause and symptoms, 56
control, 57
Chemical injury, symptoms, 21
Chimacras, periclinal, 7
Choanephora blight, 48
Choanephora cucurbitarum, 48
Circulifer tenellus, sugar beet curly top virus
veetor, 90
Clonostachys araucariae, tuber rot from, 66
Clostridium spp.. soft rot relation, 28
Colletotrichum
atramentarium, 55
coccodes, 55
Common scab. see Scab
Corticium, see Rhizoctonia
Corvnebacterium sepedonicun, ring rot
caused by, 31, 32
Cucumber mosaic virus, 79
Crlindrocarpon tonkinesis, dry rot from, 66

Deforming mosaic, symptoms, 87
Didymella sp.. leal spot from, 66
Ditvlenchus spp.. 94

destrucior, 100
Dwarf shrub virosis, 92

Early blight
cause and symptoms, 43
control, 44
Eisenfleckigkeit, 11
Enanismo amarillo, 68
Epitriv sp.
Andcean potato latent virus vector, 78
hirtipennis, tobacco ringspot vector, 85
Erwinia
carotovora, blackleg caused by, 27
chrysanthemi, blackleg caused by, 28

Erysiphe cichoracearum, powdery mildew
caused by, 43

Ethylene, coiled sprout role, 18

Eumartii wilt, see Fusarium wilts

False root-knot nematodcs, 98
Flavobacterium sp.
in heaithy tubers, 33
pectinovorum, soft rot from, 28
Foliage, temperature effect on, 9
Foundation seed, 104
Frankliniella spp., tomato spotted wilt virus
vector, 87
Frost injury
foliage, 9
tubers, 9
Fungicide application, principles, 66
Fusarium
oxysporum f. sp. tuberosi, 61
roseum
‘Aveniaceum’, 59, 61
‘Sambucinum®, 59
solani, 61
‘Cocruleum’, 59
f. sp. eumartii, 61
Fusarium dry rots
cause, 59
control, 59
symptoms, 58
Fusarium wilts
cause, 61
control, 61
symptoms, 60

Gangrene
cause and symptoms, 57
control, 58
Gemmation, 12
Genetic abnormalities, 7
Giant hill, genctic abnormality, 7
Gilmaniella hunicola, tuber rot from, 66
Globodera spp.. 94
pallida, 95
rostochiensis, 95
Glomus fasciculatus, 66
Gram stain, recipe, 31
Gray mold
causc and symptoms, 48
control, 48

Hail injury, 19

Haywire, 91

Heat necrosis, internal, symptoms, 11

Helicobasidium purpureumn, violet root rot
caused by, 54

Helicorvlenchus spp., 94

Hetminthosporium sotani, silver scurf caused
by, 55

Heterodera, see Globodera

Heterosporium sp., on leaves and tubers, 66

Hexatylus vigissi, 94
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Hollow heart, cause and symptoms, 13
Hyadaphis erysimi, 102

Hyalesthes obsoletus, stolbur veetor, 93
Hypochnus, see Rhizoctonia

lgel-Lange test, tuber indexing, 69
Importance of potato, worldwide, |
Insect toxins, 93

Internal net necrosis, 68

Late blight
cause and symptoms, 40
control, 42
Latebreaking virus, 91
Leafroli
nonvirus, I8
virus, see Potato leafroll virus
Leaf spots, 66
leak
cause and symptoms, 3§
control, 19
Lenticels, infection role, 4
Leprosphaeruling sp., leaf spot from, 66
Lesion nematodes, 99
Lightning injury, 19
Longidorus maximus, 94

Macrophonuna phaseoli, charcoal rot cause.,
56
Muacrosiphomella surborni, 102
Macrosiphum euphorbiae, 102
potato virus M vector, 75
Macrosporivm solani, see Alternaria solani
Macrosteles fascifrons, aster yellows vector, 93
Magnesium deficiency, symptoms, 24
Manganese deficiency, symptoms, 26
Veloidogyne spp.. 94, 97
Meloinema sp.. 94
Micrococeus sp..in healthy tubers, 33
Mildew, see Powdery mildew
Moron, 91
Mutation, somatic, importance, 7
Myveeha sterilia, black rot caused by, 51
Mycoplismas, description, Y1
Mycorrhizae, 66
Mycovellosiella concors, leaf blotch caused
by, 47
Myvzus spp., 102
ascolonicus, potato leafroll vector, 102
persicae, 102
potato leafroll vector, 68
potato virus M vector, 75

Nacobbus aberrans, 94
false root-knot cause, 98
Nasonovia lactucae, 102
National Plant Quarantine Act, 104
Nematicides, deseription, 101
Nematodes
cyst, 95
description, 93
rot, 100
table of, 94
Nealiturus tenellus, sugar beet curly top
vector, 90
Neomyzus cucumflexus, 102
Neotylenchus abulbosus, 94
Net necrosis, low temperature causing, 8
Nitrogen, requirements and deficiency
symptoms, 22, 23
Northern stolbur, 92

Olpidium brassicae, tobacco necrosis virus, 86
Qusparapustulans, see Polyscvtalum pustulans
Ophiola falvopictus, witches' broom vector, 92
Oxygen requirements, tuber effect, 8
Oxysporum wilt, see Fusarium wilts

Ozone injury, symptoms, 20

Parastolbur, 9]
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Paratrichodorus spp., 94, 101
tobacco rattle virus vector, §1
Paratrioza cockerelli, psyllid yellows cause, 93
Paratvlenchus spp.. 94
Pellicularia, see Rhizoctonia
Periconia sp., leal spots from, 66
Peroxyacetyl nitrate, injury from, symptoms,
20
Phoma
andina, lcaf spot caused by, 47
exigua, gangrene caused by, 57
Phoma leaf spot
cause and symptoms, 47
control, 47
Phosphorus, requirements and deficiency, 23
Phyviophthora
ervthroseptica, pink rot from, 39
infestans, late blight from, 40
Pink cve. symptoms, 32
Pink rot
cause and symptoms, 19
control, 40
Pleospora herbarum, symptoms, 46
Polvsevtalum pustulans, skin spot caused by,
Ky}
Potassium deficiency, symptoms, 23
Potato
cultivated types, 2
flowers, fruits, stems, roots, 2
importance, worldwide, |
tubers, see Tuber
Potato aucuba mosaic virus
control, 84
symptoms, 84
Potato cyst nematodes
cause, 95
control, 96
symptoms, 94
Potato leafroll, control, 69
Potato leafroll virus, symptoms, 68
Potato mop-top virus
control, 80
symptoms, 79
Potato rot nematodes
control, 100
symptoms, 100
Potato spindle tuber viroid
control, 90
symptoms, 89
Potato tuber blotch virus, 84
Potato virus A
control, 72
symptoms, 71
Potato virus G, 84
Potato virus M
control, 75
symptoms, 74
Potato virus §
control, 76
symptoms, 75
Potato virus T
control, 77
symptoms, 77
Potato virus X, 72
control, 74
symptoms, 73
Pot .y virus Y
cuutrol, 71
symptoms, 70
Potato yellow dwarf virus
control, 82
symptoms, 82
Potato yellow vein virus, symptoms, 86
Powdery mildew
cause, 43
control, 43
symptoms, 42
Powdery scab, see Scab
Pratvlenchus spp., 94
control, 100
symptoms from, 99

Pseudomonos sp.
in healthy tubers, 33
Nuorescens, pink eye caused by, 32
solanacearum, brown rot caused by, 30
Psyllid vellows, 93
Puccinia pitticriana, rust caused by, 65
Purple dwarf, 91
Purple top roll, 91
Purple top wilt, 91
Pythium spp., leak caused by, 8, 38

Rhizoctonia
crocorum, 54
solani, black scurf caused by, 53
Rhizoctonia canker
cause, 53
control, 54
symptoms, 52
Rhizopus
arrhizus, 52
stolonifer, 52
Rhizopus soft rot
cause and symptoms, 52
control, 52 .
Rhopalosiphaoninus spp., 102
Rhopalosiphum spp., 102
Rindite, 105
Ring rn
brown rot compared to, 29
causc and symptoms, 31
Root-knot nematodes
control, 98
symptoms, 97
Rosario, 98
Rosellinia spp., 51
Rosellinia black rot
causc and symptoms, 51
control, 52
Ratylenchulus spp.. 94
Rotylenchus spp., 94
Rust
common
control, 65
symptoms, 65
deforming
control, 66
symptoms, 65

Scab
common
cause and symptoms, 33
control, 34
powdery
cause and symptoms, 35
control, 36
Scleracus flavopicius, witches’ broom vector,
92
Scleroracus spp.. witches’ broom vectors, 92
Sclerotinia
bataticola, 56
minor, 49
sclerotiorum, white mold caused by, 49
Sclerotium rolfsii, stem rot cause, 50
Seed improvement programs, 105
Seed treatment, tubers, 67
Septoria leaf spot
cause and symptoms, 46
control, 46
Septoria lvcopersici
control, 46
symptoms, 46
Silver scurf, Helminthosporium solani
causing, 54
Skin spot
cause and symptoms, 37
control, 38
Smut, Thecaphora causing, 63
Smynthurodes betae, 102
Solanum
acaaule, 73
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frost tolerance in, 9
andigena, 68

spp.. comparison, 2
chacoense, 71,72
demissum, 71, 72
late blight resistance in, 42

species comparison, 2

Sulfur
deficieney, symptoms, 24
oxide, injury from, 21
Svachyirium endobioticum
potato virus X vector, 73
guarantine for, 104
wart caused by, 36

rots, 66

secondary, field and stored, 17

seed treatment, 67
wound healing, 3
Tvlenchorhynchus spp., 94

Ulocladium

atrum, symptoms, 46
consortiale, symptoms, 46
Ulocladium blight, cause and symptoms, 46

hvbrids, diploids, triploids, tetraploids,

pentaploids, hexaploids, 2 Tall types, genctic abnormality, 7
kurtzianum, 95 Temperature
muditidissectum, 95 foliage affected by, 9
phureja, spp. comparison, 2 of soil, injury from, 10 Variation, see Genetic abnormalities
rostratum, potato virus S host, 76 tubers atfected by, 8 Verticillium

spp.. comparison of, 2 Thanetephorus, see Rhizoctonia alho-atrum, wilt caused by, 62
stenotomum, spp. comparison, 2 Thecaphora solani, smut caused by, 64 daltliae, wilt caused by, 62

stoloniferum, 71, 72 Thrips 1abaci Verticillium wilt
twherosum, 68,73, 76, 95 tobacco ringspot virus vector, 85 cause and symptoms, 62
spp. comparison, 2 tomato spotted wilt vector, 87 control, 63
vernel, 98§ Tobacco black ring virus Violet root rot
Southern bacterial wilt control, 86 causc and svmptoms, 54
symptoms, 29 symptoms, 85 control, 54
synonyms, 29 Tobacco mosaic virus, 79 Virus diseases, 68
Spondviocladium atrovirens, 55 Tobaccae necrosis virus, symptoms, 86
Spongospora subterranea Tobacco rattle virus Wart
powdery scab caused by, 35 control, 81 cause and symptoms, 36
quarantine for, 104 symptoms, 8() control, 37
Spraing. tobacco rattle virus causing, 80 Tobacco ringspot virus Whetzelina sclerotiorum, 49
Sprout control, 85 White mold
coiled, cause and symptoms, 17 symptoms, 84 cause, 48
hair, cause, 18 Tomato big bud, 91 control, 50
Sprouting, internal, in storage, 17 Tomato black ring virus symptoms, 49
Stem rot cause and symptoms, 85 Wildings, true and feathery, 7
cause and symptoms, 50 control, 86 Wilt, see Fusarium wilts and Verticillium wilt
control, 51 Tomato spotted wilt virus Wind injury, 19
Stem streak necrosis, Mn toxicity causing, 26 control, 89 Witches® broom, 79
Stem-end browning symptoms, 87 control, 92
control, 22 Toxins, inscct, 93 symptoms, 92
symptoms, 22 Trichodorus spp.. 94 Wound healing, in tubers, 3
Stemphylivm primitivus, 101
atrum, symptoms, 46 tobacco rattle virns vector, 81 Xanthomaonas sp., in healthy tubers, 33

hotrvosum, symptoms, 46 Tubers Xiphinema spp., 94

consortiale, symptoms, 46 abrasions, 14 americanum, tobacco ringspot virus vector,
Stolbui, symptoms, 91 blotch, 84 85
Streptomyces scahies, common scab caused bruising, 16 Xylaria sp., tuber rot from, 66

by, 33 cracks, causes, 14
Stubby-root nematodes description, 3 Yellow top, 91

control, 101 greening and sunscald, 16 Yield, worldwide, |

symptoms, 101 indexing, viruses, 69

Sugar beet curly top virus, 90 respiration in storage, § Zinc deficicncy, symptoms, 25
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