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PREFACE
This handbook is an extensive revision of and supersedes Miscellaneous Publication No. 440, Market Diseases of Fruits and Vegetables, Asparagus, Onions, Beans, Peas, Carrots, Celery, and Related
Vegetables, by Glen B. Ramsey and the late James S. Wiant. This is
one of a group pertaining to market diseases of fruits and vegetables.
The publications are designed to aid in the recognition and identification of pathological conditions of economic importance affecting fruits
and vegetables in the channels of marketing, to facilitate the market
inspection of these food products and to prevent losses from such conditions. Other publications in this group are :
MISCELLANEOUS PUBLICATIONS

98. Potatoes. Revised January 1949.
168. Apples, Pears, Quinces. Revised November 1951.
228. Peaches, Plums, Cherries, and Other Stone Fruits. Revised
February 1950. [Out of print.]
498. Citrus and Other Subtropical Fruits. June 1943. [Out of print.]
AGRICULTURE HANDBOOKS

28. Market Diseases of Tomatoes, Peppers, and Eggplants. June
1952. [Out of print.]
155. Market Diseases of Beets, Chicory, Endive, Escarole, Globe Artichokes, Lettuce, Rhubarb, Spinach, and Sweetpotatoes. April
1959.
184. Market Diseases of Cabbage, Cauliflower, Turnips, Cucumbers,
Melons, and Related Crops. September 1961.
189. Market Diseases of Grapes and Other Small Fruits. November
1960.

Acknowledgment is made to Dr. W. J. Zaumeyer, Agricultural
Research Service, U.S. Department of Agriculture; Dr. J. C. Walker,
Department of Plant Pathology, University of Wisconsin; and Dr.
S. A. Wingard, Department of Botany and Plant Pathology, Virginia Polytechnic Institute, for the use of photographs for certain
illustrations. Appreciation is also expressed to Dr. E. C. Grogan,
Department of Plant Pathology, University of California, for suggestions on the virus diseases of celery and for the use of certain illustrations ; to Dr. Howard W. Burdine, Florida Everglade Experiment
Station, for suggestions on the pencil stripe disorder of celery ; and to
Dr. C. R. Benjamin and Dr. C. E. Smith, Jr., Agricultural Research
Service, U.S. Department of Agriculture, for reviewing the nomenclature of fungi and seed plants, respectively.

CAUTION
If pesticides are handled or applied improperly, they may be
injurious to humans, domestic animals, desirable plants, and
pollinating insects, fish, or other wildlife, and may contaminate
water supplies. Use pesticides only when needed and handle
them with care. Follow the directions and heed all precautions
on the container label.
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INTRODUCTION
The vegetable crops included in this handbook have widely different
problems of culture, field disease control, harvesting methods, and
handling practices, and each commodity must be considered separately
in controlling postharvest diseases.
Each commodity has a natural population of bacteria and fungus
spores on its surface at harvest ; these bacteria and spores are a potential hazard to keeping quality. Subsequent infection and disease
development will depend on such factors as commodity vigor, natural
resistance, extent of mechanical injury, relative humidity, and temperature.
In addition to the fungus and bacterial diseases, these vegetable
crops are subject to virus and physiological diseases. Some of the
physiological diseases and all of the virus diseases, as well as a few
of the blemish-type diseases caused by bacteria or fungi, not only
originate in the field, but are obvious at harvest. If blemished vegetables are included in the pack, it is either because they are acceptable
or because they are overlooked during packing. Certain rots that
are normally field diseases may also appear after harvest. These may
have been small lesions that were overlooked during sorting and packing or that may have developed from invisible infections or from
spores present at harvest. In addition there are certain diseases that
occur or are important only after harvest.
The basic control for diseases that occur in the field must be applied
during the preparation for and production of the crop. Eecommendations for such control measures are available from the State agricultural experiment station or extension service. This handbook is concerned primarily with those control measures that can be successfully
^ Dr. Friedman is deceased.
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applied after harvest. In general, careful handling practices and
prompt and proper temperature and humidity controls are standard
recommendations for disease control after harvest. In certain situations chemical treatment may also be recommended.

LILY FAMILY
Botanically, asparagus, onion, garlic, shallot, leek, Welsh onion,
and chive belong to the Lily family {Lilicweae), a family noted mainly
for ornamental plants.

ASPARAGUS
The edible portion of the asparagus plant {Asparagus offiGinalis L.)
consists of the young unbranched shoots or spears. Asparagus for
fresh consumption is grown principally in California, New Jersey,
and Washington.
Good quality asparagus marketed for fresh use is green for most
of its length. The spears are straight, crisp, and tender, and their
tips are tightly closed. They are free from soil, decay, and mechanical injuries. "^Asparagus loses edible quality very rapidly after harvest and it should be moved from the field promptly, packed and cooled
rapidly, and maintained at 32° to 36° F.
There are several diseases that attack asparagus plants in the field
but seldom affect directly the marketable spears. The most serious
field disease is rust (Puccinia asparagi DC). Severe infections of
rust reduce vigor and yield of the plants the following season. Cercospora blight {C, asparagi Sacc.) causes minor damage in the field.
In 1953 asparagus dieback, apparently caused by water shortage, was
reported prevalent in fields in a number of northeastern States.
Several insect pests attack asparagus plants in the field. However, the asparagus beetle {Crioceris asparagi L.) may occasionally
damage marketable spears by deposits of small, black egg masses or
by feeding marks, which may open the way to decay-producing microorganisms.
The most serious market diseases of asparagus at the present time
are described below. In addition, a rusty discoloration caused by
RMzoctonia species is occasionally seen after harvest.

Bacterial Soft Rot
Erwinia carofovora (L. R. Jones) Holland

Bacterial soft rot is probably the most frequent and serious decay of
asparagus after harvest. It usually occurs at the tips or at the cut
ends of the spears, but may be found wherever injuries occur. The
rot is soft, slippery, and watery, especially if it develops in the tender
tissues at the tip ends of the spears (pi. 1, A). Unlike other decays
^ Italic numbers in parentheses refer to Literature Cited, page 56.
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on asparagus, a very disagreeable odor is produced in the advanced
stages of bacterical soft rot. The bacteria causing this decay occur
commonly in soil and water. They readily attack injured asparagus
tissue under warm and humid conditions.
The development of bacterial soft rot after harvest may be controlled by careful handling to avoid injuries, by rigid culling of
bruised spears, and by rapid cooling to 40° F. or below and maintaining the temperature at 32° to 36° F.

Fusarium Rot
Fusarium spp.

Fusarium rot may occur on the tips, bracts, and other parts of asparagus spears. At first a white, fluffy mold may develop, which may
turn slightly pinkish later. Affected asparagus tissues are at first
watersoaked, then turn to yellow and brown. When attacked by
F%tsariimh the tips of the spears may become completely covered with
white, fluffy mold and the affected tissues become soft and watery
(pi. 1, B). Lesions on the sides of spears may be 2 to 3 inches in
length. Unless bacteria are present fusarium rot has no marked odor.
The fungi that cause fusarium rot are soil inhabitants and are present on the spears when they are harvested. The specific identity of
FusariwiYh causing postharvest decay of asparagus spears has not been
determined. Fusarium oxyspofUTn Schlecht, f. asparœgi Cohen has
been shown to cause crown rot and plant wilting in the field. In inoculation tests this fungus also caused a rot of cut spears.
Precooling to about 40° F. and maintaining a temperature range of
32° to 40° F. controls fusarium rot.
(See5^.)

Gray Mold Rot
fiofryf/s c/nerea Pers. ex Fr.

The fungus that causes gray mold rot is usually present in most vegetable-growing areas, but is seldom serious on asparagus. Cool, wet
weather favors the development of Botrytis^ which may cause a tip wilt
in the field or a decay after harvest. In the early stages of gray mold
rot a small amount of white mold is usually^present in the watersoaked
lesions (pi. 1, D). Later, the grayish-brown mold and smoky granular
spore masses serve to identify gray mold rot. Prompt cooling and
maintaining temperatures of 32° to 36° F. will give practical control
of gray mold rot.
(Seei^7.)

Phytophthora Rot
Phytophthora spp.

Phytophthora rot is occasionally serious in California-grown asparagus shipped to eastern markets in the spring of the year.
Phytophthora rot is characterized by large Watersoaked, greenish
or light-brown lesions generally on the sides of the spears above the
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base. In more advanced lesions the decay may completely encircle
the spears, and there may be some collapse of the tissue resulting in
flattened or creased areas. Generally, there is no surface mold, but
under humid conditions a slight, grayish-white, appressed mold may
develop, especially in advanced stages of decay (pi. 1, C). The decay
has no odor unless bacteria are also present,
The fungi that cause phytophthora rot are soil inhabitants. They
may cause serious losses during transit and marketing in seasons when
wet or flooded conditions prevail in asparagus fields.
(See i, 170,)

Watery Soft Rot
Scferofin/a sc/erof/orum (Lib.) DBy.

Watery soft rot is a minor disease of asparagus but may occur wherever the crop is grown. Lesions are irregular, watery, and odorless.
As the lesions enlarge they become covered with a white to grayishwhite, appressed mold. In advanced stages hard black sclerotia form
in the mold on the rotted surface.
Watery soft rot may be confused with fusarium rot at stages before
mold develops. Fusarium rot, however, is usually restricted to the
tissues adjacent to the bracts, whereas watery soft rot may occur anywhere on the spears. If, however, surface mold of Fusarimw is present,
its white color soon changes to pink. FusŒT^um^ never develops sclerotia, as described for watery soft rot.

GARLIC AND ONIONS
Garlic {AlUum sativum L.), onion {A, cepa L.), and the closely
related plants, leek {A. forrwm L.), chive {A, schoenoprasum L.), and
the Welsh onion {A. fistvloswn L.), are all members of the lily family.
They are used as food, both fresh and cooked, and for flavoring and
seasoning.
The onion and its relatives are subject to a considerable number of
diseases. Some of these occur on the plant in the field, affecting the
yield or quality or both; others are important primarily in storage
and transit ; and some cause serious damage both in the field and on
the market. Among the more importiant field diseases are downy mildew {Peronospora destructor (Berk.) Casp.),smut {Urocystis cepulœ
Frost), fusarium bulb rot, purple blotch {Alternaría porri (Ell.)
Cif.), pink root {Pyrenochaeta terrestris (Hansen) Gorenz et al.), and
mosaics and other virus diseases.
The most destructive postharvest diseases of onions are bacterial
soft rot (Erwinia carotovora (L. E. Jones) Holland), gray mold rot
{Botrytis spp.), fusarium bulb rot {Fusarium spp.), black mold rot
{Aspergilhis dlUaceus Thom & Church), blue mold {Pénicillium spp.),
white rot {Sclerotium cep^vorumHerk,)^ and smudge {Colletotrichum
circinans (Berk.) Vogl.).
Garlic is subject to some of the diseases that affect the onion. The
diseases of garlic most often encountered on the market are blue mold
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rot and waxy breakdown. Aspergillus, fusarium rot, and gray mold
rot are also important diseases of the bulbs.
(See ^5,4^.)

Aspergillus Bulb Rot
Aspergillus alliaceus Thorn & Church

Aspergillus bulb rot has not been found on onions or garlic grown
in the United States. Garlic from Italy and onions from Sweden
affected by this disease have been intercepted at United States ports
of entry. However, aspergillus rot appears to be of minor importance
on imported onions.
The fungus requires high temperatures for maximum growth and
production of active decay. The complete decay of inoculated mature
onions required 21 days at about 97° F. ; only slight infection occurred
during 3 months at about 61°.
Early symptoms of aspergillus bulb rot on inoculated onions and
garlic are characterized by a slight swelling and darkening of the
tissues. The affected area becomes watersoaked and soft, and a sharp
line of demarcation occurs betw^een the diseased and the healthy tissues.
In advanced stages the tissues shrink and become brownish, and a white
mat of mycelium forms between the bulb scales. Eventually, small
white sclerotia form, which become brown at maturity. The spore
clusters appear yellowish-brown and are produced in great abundance on the surface of the decaying tissues if the humidity is high.
It is unlikely that aspergillus bulb rot will become established and
cause economic losses in this country. The fungus does not attack
growing onions. Temperatures recommended for storing or holding
onions are well below that at which extensive decay was reported.
Aspergillus bulb rot should be readily controlled by holding onions
and garlic under refrigeration of 32° F., and about 65 to 70 percent
relative humidity.
(See 161,162,)

Bacterial Soft Rot
Erwinia carotovora (L. R. Jones) Holland

Occurrence, Symptoms, and Effects

Bacterial soft rot is one of the more prevalent causes of loss in
storage onions. The soft rot bacteria may enter the neck tissues as
plants approach maturity and invade one or more scales without
passing from one scale to another. At this stage the affected tissues
are glassy or watersoaked and are pale yellowish to light brown (pis.
2, E, and 17, A, B). As the rot progresses, the invaded fleshy scales
become soft and the diseased bulbs may be detected if pressure on the
bulb forces a watery, foul-smelling fluid out at the neck. Onions with
mechanical injuries, sunscald, or bruises are particularly susceptible
to bacterial soft rot, especially if they have been held imder warm,
humid conditions.
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Causal Factors

The bacterial soft rot organisin E. caroto'vora (L. R. Jones) Holland, described under carrot, celery, and other hosts, is the organism
most generally responsible for this decay.
Control Measures

Tops should be allowed to mature well before harvesting. Care
should be exercised to avoid bruising during harvest and packing.
Storage houses should be provided with adequate ventilation to avoid
accumulation of moisture on the surfaces of bulbs. Onions should be
stored at 32° F. and about 65 to 70 percent relative humidity.
(See7(Ç6>.)

Black Mold Rot
AsperQíWus nigt r Tiegh.

Occurrence, Symptoms, and Effects

Black mold may be destructive during storage and transit on onions
grown in Louisiana, Texas, and California; it also occurs on garlic.
The principal symptoms of the disease are the presence of black
powdery spore masses of the fungus on the outside scale or between that
and the next inner one. When these masses occur between the scales
they tend to follow the veins (pi. 3, B). Sometimes there are no apparent lesions, and the fungus itself constitutes the only blemish. At
times the tissues show symptoms, such as sunken discolored areas,
which underlie the powdery fungus mass (pi. 5, G). Under dry conditions the affected tissues are dry and papery and sometimes highly
colored ; under moist conditions they are semiwatery.
Causal Factors

The pathogen Aspergillus nig er is a common saprophyte living in
dead or dying plant material. It is apparently capable of growing
and multiplying throughout the year in the soil or on dead refuse.
Under very moist conditions the pathogen may cause a slow rot.
Unlike neck rot and smudge, black mold is as severe on colored as on
white varieties of onions. Infection may spread in transit or storage
from onion to onion by contact through bruises or wounds, by mechanical means, or by dissemination of spores by air currents.
Observations in the field, in storage, and in transit indicate that
moisture and high temperature favor the growth and spread of the
fungus. It grows slowly at 55° F. and most rapidly at 95° F.
Control Measures

Bulbs should be protected from moisture in the field during and
after pulling and during transit. Prompt and thorough curing and
good ventilation and storage at 32° F. and a relative humidity of
about 65 to 70 percent are recommended.
(Seei,5>7,i^P.)
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Blue Mold Rot
PenkiUium spp.

Blue mold rot occurs occasionally on bulbs of onions but it is most
prevalent on garlic. The disease is occasionally severe on garlic if it
is harvested before proper maturity or stored without proper ventilation or at too high humidity.
The early symptoms of blue mold rot on garlic are light-yellowish
lesions in the outer cloves. As spores are produced on the surface of
the lesion, the color changes to blue or bluish green (pi. 5, F). Garlic
bulbs affected with blue mold rot may show little or no evidence of the
disease externally. Once the decay begins, the breakdown of tissues
is rapid. Affected bulbs are generally light in weight, and pressure on
individual cloves will reveal a soft, spongy or powdery-dry condition,
depending upon the extent of the decay. In advanced stages of decay
the cloves are completely broken down into greenish-tan or gray
powdery masses.
Several species of Penicillmm^ which are common and widespread,
may bring about this decay.
Control measures consist of harvesting at proper maturity, adequate
curing of bulbs before they are stored, adequate ventilation in storage,
and storage at 32° F. and a relative humidity of about 65 to 70 percent.
(See 1, 97, 139,)

Chemical Injury
Onions in cold storage are sometimes injured by accidental exposure
to ammonia fumes from the storage plant. The fumes cause an alkaline reaction with the color pigments in the outer scales of the onions
and often produce such pronounced discoloration (pi. 5, A) that their
marketability is greatly reduced. As a result of exposure to ammonia
fumes, yellow onions show brown blotches or a uniform brown color
over all the exposed surfaces; red onions change to a deep greenish
black or metallic black; and white onions become greenish yellow.
If onions are exposed to strong fumes for several hours the fleshy,
edible portion of the bulbs becomes watery, yellowish green, and
worthless.
Experiments have shown that ammonia injury will take place at
a temperature as low as 31.5° F., and that the rate and severity of
discoloration are approximately the same as at higher temperatures.
The color changes take place more rapidly in a humid atmosphere
or when the onions are slightly moist. Less than 1 percent of ammonia
in the air will cause marked discoloration if the onions are exposed
for 24 hours or longer. With stronger concentrations the color changes
are noticeable almost immediately and large brownish-black blotches
are produced within a few minutes.
In the past a chemical injury known as "alkali spot'' or "bag print"
occurred frequently on colored onions that had been in contact with
moist bags or damp storage for some time. Under present handling
practices this injury rarely occurs.
{Seelß£,12S,U7.)
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Diplodia Stain
Diplodia natatens'is P. Evans

A superficial disease of Texas-grown Crystal wax onions has been
observed in the midwestern and eastern markets. On market onions
the characteristic symptom of this disease is a silvery-gray to black
discoloration of the outer dry scales about the upper half of the
bulbs. Occasionally the dry scales all over the onion are discolored.
In more advanced stages black fruiting bodies (pycnidia) singly or
in groups of two or three are visible on the inactive scales (pi. 3, C).
Apparently the fungus is unable to infect the ñeshy scales of the onion.
The disease is caused by D. natalensis^ which attacks the outer scales
of white onions. Colored onions are not affected. Control measures
have not been developed.

(Seem-)

Freezing Injury

Onion bulbs will freeze at about 30° F. Under some conditions
onions standing on track or in storage may be undercooled to a
temperature of 25° or lower for a short time without becoming frozen
or otherwise injured. A slight jar will cause undercooled products
to freeze immediately ; consequently, undercooling rarely occurs during
transit.
There is considerable variation between individual onions in their
reaction to low temperature. Some bulbs in a lot may freeze quickly
when they reach a temperature of 30° F. and show^ severe injury
when they are thawed out. Others may not freeze or if they are
frozen they may thaw out without injury.
Onions affected with freezing injury show watersoaked, grayishyellow fleshy scales when cut. In slight freezing the outer fleshy
scales alone are affected, but when the bulbs are exposed to low temperatures for a prolonged period the inner scales may also become
watersoaked and discolored. Usually the entire, scale is injured all
the way around the bulb, but the neighboring inside and outside scales
may or may not show injury. Irregularly shaped opaque areas occur
in many of the watery transparent scales.
Garlic bulbs will freeze at temperatures of about 27° to 30° F.
In cases of slight freezing injury of onions and garlic there may
be less loss if the bulbs are spread out so that the injured scales can
dry thoroughly. Frozen onions will be injured less and remain in
a better general condition if thawed out at 40° F., rather than at
a higher temperature.
{See95,166,175,177.)

Fusarium Bulb Rot
Fusanum spp.

Occurrence, Symptoms, and Effects

Fusarium bulb rot occurs in most onion-growing sections in the
United States. Losses from this disease occur in the field and continue
after harvest from storage rot. The fungus lives in the soil and from
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this it can attack the growing bulbs. It may also winter in debris and
containers in storage houses. Decay can start on uninjured areas of
bulbs, but it oft^n follows bruises or insect injuries.
Examination of the base of the bulb often reveals that roots have
been rotted off. At the base of the bulb a whitish to pinkish mold
appears on the surface of decayed portions of the scale. Decay may
be dry or watery depending on the species of Fusaríum causing the
rot and on moisture and temperature conditions. The decay usually
progresses very slowly and may not appear until onions have been in
storage for some time.
Causal Factors

Various species of Fusaríum are able to induce bulb rot of onions.
The fungi most often mentioned are F, oxysporum Schlect., F. cepae
(Hanz.) Snyd. & Hans., and forms of F. zonatum (Sherb.) Wr. In
storage there is relatively little decay between 46° and 59° F. At
68° the rot progresses rapidly but the tissues remain watery for a long
time; at 86° the tissues decay and dry out rapidly.
Control Measures

Crop rotation is recommended where bulb rot is likely to become
severe. Allow tops to mature well before harvest. Prevent mechanical injuries during harvesting and handling. After curing, tablestock onions and onion sets should be stored promptly at 32° F. and at
a relative humidity of 65 to 70 percent.
{^^^Sl,92,98,113,lr59,)

Gray Mold (Neck Rot)
Bofryf/s spp.

Occurrence and Importance

Gray mold rot is one of the most serious diseases affecting onions
during transit, storage, and marketing. Losses during storage are
often extensive because the fungus is slowed, but not inhibited, at cold
storage temperatures. Apparently all varieties of onions, shallot, and
garlic are susceptible. White onions, however, are the most seriously
affected. Colored onions have a considerable measure of resistance
because of their chemical composition.
The typical gray mold rot may occur wherever onions are grown.
Another type of gray mold rot, however, caused by Botrytis squamosa^
is confined to onions grown in the Midwest.
Causal Factors

Three closely related species of Botrytis cause types of gray mold
rot or "neck rot." Botrytis allii Munn is probably the most widely
distributed and causes more rot (pis. 2, A, B, and pi. 4, A, IB) than
the other two species. The rot (pi. 4, C) caused by B. hyssoidea J. C.
Walker in general is second in importance, but in some of the North
Central States it is the principal cause of neck rot. Much less patho-
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genie than the other two is the rot caused by B, squamnosa J. C. Walker
(pi. 4, D). At times B, iyssoidea invades and overruns lesions caused
by B, squamosŒ^ thus altering the symptoms.
These fungi live from season to season as sclerotia in the soil and on
dying plant parts and debris during the growing season. The disease
is generally most prevalent when cool, moist weather prevails before
and during harvest.
Decay develops most rapidly at a temperature range of 59° to 68° F.
The rot is slowed greatly at temperatures below 37° but will develop
at 32° during several months' storage.
Symptoms and Effects

Infection usually takes place through the remnants of the top at the
neck of inadequately cured bulbs after harvest. Infection through
the neck has led to the use of the term "neck rot" as a descriptive name
for the disease, although frequently infections take place through
wounds made on other parts of the onion.
The symptoms of the decay caused by B, allii and B. hyssoidea are
in many respects so similar that a careful study is needed to separate
them. Their symptoms are therefore discussed together in this
publication.
The first indication of the disease is a watersoaking and softening
of affected scales. The watersoaked condition gives the affected scales
a cooked appearance. The decayed tissues lose moisture and become
sunken. As the fungus develops within the decaying tissues they
become grayish brown. In advanced stages of decay a dense mat
of mycelium may show around the base of the neck and between the
scales. In some cases the mycelium is covered with a granular mass
of grayish-brown spores. The disease progresses rapidly down the
scales from the original infection at the neck. The spread from
scale to scale proceeds more slowly. The line of demarcation between
the diseased and healthy tissues is quite definite, although the advancing edge of the lesion usually shows a slight watersoaking of the
fleshy tissues. No odor accompanies this decay. In advanced stages
of decay the affected tissues become sunken and fairly firm. In
stored onions in an advanced stage of decay firm, black, sclerotia i/^2 ^o
14 inch in diameter may develop in the tissues about the decayed neck.
The symptoms of neck rot caused by B, squamosa are sufficiently
distinct to warrant a separate discussion. The rot caused by this
fungus has been found on the market only on white onions. Decay
of the succulent scales is much slower than that caused by B. alln or
B. hyssoidea. The extent of decay is often limited to an area around
the base of the neck. The first evidence of the disease is often the
presence of small, thin, black sclerotia attached to the dry outer scales
at the base of the neck of the onion (pi. 4, D). Decayed tissues at
first have a watersoaked appearance, but gradually lose moisture and
become sunken. The presence of the small, thin sclerotia, the limited
decay, and the brownish color of decayed tissues in old lesions aid in
distinguishing this type of neck rot from that caused by B. allii and
B, hyssoidea.
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Control Measures

The control of gray mold neck rot depends largely on weather
favorable to the maturing of the tops at the end of the growing
period and on adequately curing the neck tissues after harvest. If
necessary, artificial means of curing should be used.
Colored varieties possess natural resistance absent in white onions.
Table stock onions and onion sets should be stored at 32° F. and a
relative humidity of 65 to 70 percent. Even 32° will not completely
prevent the development of the rot if the onions had active infections
at time of storage.
(See 60, 65,105,131,156,157,158,176.)

Greening
(See Sunscald, p. 13.)

Purple Blotch
AUernana porri (Ell.) Cif.

Purple blotch is generally distributed over the United States. It
affects leaves, stems, and buibs. Infection of bulbs occurs at harvesttime usually at the necks of the topped bulbs or through wounds. The
decay is at first semiwatery and is especially conspicuous because of
the color associated with it. The causal organism secretes an abundance of pigment that diffuses through the scale tissues somewhat in
advance of the fungus threads. The affected tissue is deep yellow
at first but turns gradually to a wine red. Eventually the old decayed
tissue becomes dark brown to black (pi. 2, F).
The causal organism develops most rapidly between 72° and 86° F.
Very little growth takes place above 93° or below 50°. At temperatures of 70° to 72°, bulbs may be completely rotted in about 2 weeks.
In regions where the disease is likely to become important, it may
be controlled by rapid drying of the bulbs after harvest and then
prompt storage.
Onions should be stored at 32° F. and a relative humidity of 65 to
70 percent.

(Sees, 138,)
Smudge
CoUetotrichum circinans (Berk.) Vogl.

Occurrence, Symptoms, and Effects

Smudge is present in most of the onion districts of the United
States. The disease occurs on field onions, onion sets, leeks, and
shallots. It is most pronounced on the white onion and sets. Its importance consists chieñy in the reduction in market value due to blemishes on the outer scales. Under very moist conditions in transit and
storage scales are destroyed, bulbs shrink, and often sets sprout pre-
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maturely. Smudge is confined almost entirely to the scales and lower
portions of the unthickened leaves.
The disease is characterized by small, dark-green to black dots that
appear on the outer scales. These small dots may be grouped together
to form concentric rings or blotches, giving an unsightly appearance
to the white bulbs (pi. 2, C, D).
Causal Factors

The causal organism is the fungus G, drcinans. It occurs on onion
scales in the soil or in bulbs and sets in storage. The disease appears
shortly before harvest. Under favorable conditions the fungus attacks the outer scales ; and spores, which are borne in the infected areas,
are carried by drops of water to other scales, where they germinate in
a few hours and start new lesions. If weather is warm and moist a
relatively small amount of disease in the field before harvest will
supply enough spores to blemish a crop severely during harvesting or
while crates are stacked in the field.
The fungus grows throughout a temperature range of 36° to 89° F.
but develops best at about 78°. The spores germinate at temperatures
ranging from 40° to 89° ; the optimum is between 68° and 78°. Infection may occur at 50° but development is very slow below 68°. The
disease develops and spreads most rapidly in the field when the soil
temperature ranges between 68° and 86° and when there is an abundance of rainfall.
Control Measures

Protect onions from rain after harvest and cure promptly. When
possible use colored varieties of onions. White onion sets should be
thoroughly cured. Storage at 32° F. and at about 65 to 70 percent
relative humidity is desirable.
{S^^65,75,130,15Ji,160.)

Smut
Urocystis cepu/ae Frost

Onion smut causes losses in many of the onion-growing areas
throughout the Northern States from coast to coast. It has not been
reported south of Kentucky due largely to climatic conditions. Onion
and leek are very susceptible to the disease ; it causes poor yields and
stunts the growth of affected plants. Smutted bulbs shrink excessively
in storage. Green onions and onion sets affected with smut are occasionally found on the market.
The disease is characterized by dark-colored slightly raised streaks
or blisters on the leaves and young bulbs of green onions. These
pustules are filled with greenish-black, powdery masses of spores (pi.
2, G). Sets may be greatly shrunken, with the whole exterior covered
with blisters. On such specimens, or on others that survive and get
into the trade channels, the lesions consist of slightly raised brown to
black pustules, that are more prevalent near the base of the outer
fleshy scale. They also may occur as deeply as the third or fourth
scale.
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The disease does not develop or spread in transit or in storage. Postharvest control should consist primarily of grading out diseased bulbs.
For field control of the disease, consult the State agricultural experiment station or extension service.
{^^2,39,79,108,160,)
Sour Skin
Pseucfomonas cepac/o Burkh.

Sour skin, a scale rot of onion bulbs, was originally observed in New
York State where it has become prevalent in onion-growing sections.
The disease has also been seen on Wisconsin onions.
The disease, as seen on the Yellow Globe variety, attacks only certain of the outer fleshy scales of the bulb, although not necessarily the
outermost one. Infected scales are slimy and yellow. Infected onions
may show a shrinkage of the upper portion of the bulb (pi. 5, B), and
in advanced stages of the disease the outer dry skin readily slips off
during handling, while the portion of the bulb within the diseased
slimy scales remains firm. Fungi and yeast may be present as secondary invaders. These latter organisms may be responsible in part
for the sour vinegarlike odor attributed to this disease. There is no
evidence that the bacteria spread from infected bulbs to healthy ones
in storage. Control measures have not been developed.
(Seei<^.)
Sunscald
Onions harvested in regions where the temperature is high and
the sunlight extremely bright are often severely affected with sunscald. Immature uncured bulbs are more subject to injury, since
the more succulent tissues are likely to be exposed. Affected tissues,
1 to 2 inches in diameter, appear bleached and become soft and
slippery. They lose moisture rapidly and when dried become disfiguring blemishes.
Sunscald is often a serious factor in marketing onions, particularly
if soft rot bacteria gain entrance to the injured tissues when they are
still succulent. Bacterial soft rot following sunscald can cause serious
decay during transit and marketing.
Sunscald can be prevented in districts subject to the damage by protecting the bulbs from direct exposure to the sun during curing.
If onions are allowed to cure too long in moderate light chlorophyll
may form in the outer scales and cause a greening of the bulbs. This
may cause an unpalatable taste but no shrinkage or decay occurs.
Greening may be avoided by removing the bulbs to dark storage as
soon as sufficient curing has taken place.
{See 160,)
Translucent Scales
Translucent scales, a physiological disease, occurs on onions grown
in widely separated areas. Previously the disorder was known as
physiological breakdown, internal breakdown, or storage breakdown.
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The term "breakdown," however, implies a disintegrated condition
not present in this disorder, and the name "translucent scales" is proposed as a more descriptive term.
The disorder is first characterized by the grayish, watersoaked appearance of a part or all of one or more fleshy scales giving them a
translucent appearance (pi. 5, E). All fleshy scales may be affected
in severe cases, but the second and third ones seem to be most frequently
affected. Seriously affected scales frequently develop a smoky to
brown color as viewed in cross section.
Translucent scales may be confused with freezing injury; affected
fleshy scales of both conditions appear watersoaked and translucent.
There are certain symptoms, however, that aid in distinguishing between these conditions. In freezing injury the damage is always from
the surface inward. In severe freezing injury the neck and base of
the bulb may also be affected. These tissues are never affected in
translucent scales. Other symptoms of freezing injury that are lacking in onions with translucent scales are : areas of white, opaque tissues
in the watersoaked scales ; loosening of the epidermis on the concave
side of affected scales ; and a grainy texture of the tissues exposed by
the loosened epidermis.
Translucent scales was previously thought to occur to some extent
in the field, but it is now believed to develop only after harvest. In
some years translucent scales causes considerable loss in Californiagrown onions. Also, it is an important problem on yellow-globe-type
onions grown in Michigan and Wisconsin, held in common storage,
and then shipped to southern markets. Onions that show little or
none of the disorder when removed from storage may show an appreciable amount of translucent scales at the market.
The cause of translucent scales is not known. Early researchers
held that growing conditions were probably a factor. They also
reported onions were more susceptible to the disorder if stored at
40° to 50° F. and high relative humidity than if stored at 32° and low
humidity. Recent research in California indicated that high temperatures during the last 3 weeks before onions are stored or cooled to 32°
are probably the most import factor in predisposing them to translucent scales.^ The percentage of onions that developed the disorder
at 32° increased after 3 to 4 months' storage. No research has been
done recently on the effect of high humidity during storage or after
withdrawal on the occurrence of translucent scales. Popular opinion,
however, continues to hold that humidity above that recommended is
a factor.
The evidence thus far indicates that for best control of translucent
scales, onions should be stored promptly after they are cured, and
cooled quickly and held at 32° F. and about 65 to 70 percent relative
humidity.
{^^95,176,176.)
' UnpubU'shed data of Werner Lipton of the Market Quality Research Division.
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Waxy Breakdown
A yellow waxy breakdown of the outside cloves of garlic bulbs has
been found on garlic from California, Texas, Louisiana, Italy, and
Chile. This disorder is occasionally so serious that it affects the marketability of this crop. Since no organism seems to be associated with
it as a causal agent, it is considered to be a physiological disorder.
The early symptoms of waxy breakdown are small, slightly sunken,
light-yellow areas in the flesh of the clove. As the breakdown progresses the clove shows an amber color throughout (pi. 5, C, D). The
clove is then somewhat translucent and sticky or waxy to the touch but
not soft, as when tissues are broken down by parasitic organisms.
The outer dry protective scales are not affected. No indications of
breakdown may show externally until the advanced stage is reached,
when the shrinking of the clove and the amber or amber-brown color
may become noticeable through the white papery scales.

White Rot
Sc/erof/um cep/vorvm Berk.

White rot is a common and sometimes destructive disease of onion,
garlic, shallot, Welsh onion, and leek. It has been reported in Virginia, Kentucky, New Jersey, California, New York, and Louisiana,
where it is severe on set-propagated shallots. It is widespread in
Europe; it is destructive on onion and leek in the British Isles and
on garlic in Italy and Spain.
White rot is principally a field disease and usually develops on
onions grown under cool, moist weather conditions. In late infection,
the fungus invades the base of nearly mature bulbs and decay may
continue in these bulbs while in storage or transit.
The symptoms on the bulb are like those of other bulb rots such
as gray mold and fusarium bulb rot. However, the mycelium is
whiter and more cottony and the sclerotia are much more spherical
than those of the Botrytis species that cause bulb rot (pi. 3, A.) In
fusarium bulb rot no black sclerotia are produced.
The pathogen S. cepivoruvi lives over winter in the soil, from which
it attacks the new crops. It can also live in bulbs and thus be carried
into noninfested fields. Temperatures below 41° and above 84° F.
prevent growth of the causal organism.
No data are available regarding the development and spread of
this disease in transit and storage.
{^^^88.110,149,165,)

PULSE FAMILY
The pulse family (Leguminosae) contains a number of important
vegetable and forage crops. In this group there are several genera
and species of beans and peas that produce fruit pods and seeds, which
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are classed as vegetables on the market. Of these the common bean,
lima bean, and garden pea are of greatest importance.

LIMA BEANS
Lima beans {P. lunatus i.) are sold either in the pod or shelled.
Lima beans of good quality have fresh, well-filled, disease-free pods
with succulent beans. Loss of dark green color in the pods and the
development of hard, starchy beans are indications that the beans
Avere either overmature at harvest or held too long after harvest.
Lima beans are subject to such field diseases as bacterial spot, downy
mildew, and powdery mildew, but these diseases do not develop after
harvest. Field diseases such as sclerotium rot and soil rot may also
develop after harvest. Shelled lima beans are more perishable than
beans in the pod and are subject to a bacterial deterioration known
as stickiness and to a fungus deterioration known as seed spotting.

Bacterial Blights (Common, Fuscous, and Halo)
Xonffiomonas phaseo/i (E. F. Sm.) Dows., X. phaseoli var. Tuscans (Burkh,) Starr & Burkh,
Pseudomonas phaseo/i'cofa (Burkh.) Dows.

Occurrence, Symptoms, and Effects

The bacterial blights are of major importance in bean production.
The losses they cause vary considerably from year to year, depending
primarily upon weather conditions. One or another of three types of
blight occurs in most bean-producing areas of the United States and
Europe. Most varieties of garden, field, and lima beans may be affected. None of the varieties are immune, although some varieties are
quite resistant. In the United States halo blight is less destructive
than common blight, mainly because most field-bean varieties are
resistant to halo blight. Pods from badly infected fields may be worthless by the time they reach the market. Incipient pod infections or
small spots that are barely visible at shipping point may enlarge during transit and reduce the market value of the pods or render them
worthless.
In the field, plant symptoms may sometimes be used to distinguish
between the three blights. In many cases, however, isolation and
identification of the causal bacteria provide the only means to separate the different blights. Infections may occur any place on the
pods and start as small watersoaked spots that gradually enlarge
(pi. 6, B). In severe pod infections adjacent lesions may coalesce.
Spots may have a distinct zoning and a narrow, reddish-brown or
brick-red band of tissue around the lesion. Lesions may occur along
the sutures of pods. Seeds are often infected, the infection resulting
in discoloration or shriveling and, in severe attacks, rotting. Sometimes a bacterial ooze or exúdate forms on lesions. In halo blÍ2:ht this
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exúdate is light-cream or silvercolored, while the exudates of common
and fuscous blights are yellow. In addition, halo blight lesions tend
to show more watersoaking (pi. 8, B), are usually more circular in
outline, and may remain grayish green instead of taking on the yellow
and reddish brown shades typical of common and fuscous blights. In
Europe halo blight is also known as grease spot because of the appearance of the spot on pods.
Causal Factors

The pathogenic bacteria of common blight (X. phaseoli)^ fuscous
blight (X. phaseoli var. fuscans)^ and halo blight (P. phaseolicola)
survive from year to year in or on diseased or contaminated seed, or
in bean trash that remains in soil. Pods are infected by bacteria that
develop in leaf, stem, and other pod lesions. Halo blight is favored
by cool weather and common blight by warm weather. This accounts
for the prevalence of common blight on snap beans in the South.
As noted before, incipient infections may develop or small spots
enlarge in transit and marketing, but there is no evidence that new
infections develop on pods after harvest.
The bacterial blight organisms can infect bean leaves and pods over
a wide temperature range. There is a difference, however, in the optimum temperature range for infection. The common blight bacteria
infect most rapidly at about 90"^ F., Avhereas the halo blight bacteria
have an optimum for infection of between 75° and 82°. Typical halo
symptoms fail to develop, however, at temperatures above 70°.
Prompt cooling of the beans and maintaining temperatures at 45°
to 50° F. will check the development of incipient infections.
(See 17,36,50,86,183,189.)
Bacterial Spot
Pseudomonas syringae Van Hall

Bacterial spot of lima beans occurs in many areas of the United
States. Reduction in yield from defoliation and pod damage is heaviest
along the Atlantic coast and in the Southern States. Some varieties
of lima beans show some resistance. Rarely, the organism may cause
a ring spot of green lima bean pods.
On lima bean pods lesions are nearly circular, small, and brown at
Rrst with a watersoaked halo (pi. 8, C). A cream-colored exúdate
usually develops on the spots. Spots may occur on any part of the
pod. Lesions are frequently found along the sutures. The bacteria
may penetrate the walls of pods and cause a reddish discoloration of
the seeds. Spongy excrescences are sometimes found protruding from
the inner walls of the pod beneath the surface lesions. The pods' spots
ore smaller than those produced by the bacterial blight organism on
lima beans.
Diseased seed are a source of infection. Frequent rains and temperatures between 80° and 86° F. favor the dissemination of the pathogen
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and the infection, which takes place through stomata. The pathogen
may also be disseminated from a number of other host plants that it
attacks.
Precooling the beans to 45° F. and prompt shipment under adequate
refrigeration are recommended. For further control measures consult
the State agricultural experiment station or extension service.
(See 189,)
Downy Mildew
Phytophthora phaseo/i Thaxt.

Downy mildew may be a serious field disease of lima beans in the
xMiddle Atlantic and certain Atlantic Seaboard States. This fungus
disease attacks both the bush and the pole varieties under favorable
weather conditions. The disease is so dependent for development
on cool, wet weather that a practical forecasting system has been
developed.
The fungus attacks all young tender parts of the plant. Young
forming pods are highly susceptible. If infection on young pods is
extensive, they wilt, shrivel, and gradually die. If the infected area
is slight to moderate, as the beans continue to develop they bear one
or more irregular patches of white, woolly or feltlike mycelium and
fruiting structures (pi. 8, A) or sometimes most of the pod is covered.
A purplish border may separate the healthy green tissues from the
diseased area. The fungus may penetrate the pod and infect the beans.
Optimum temperature for radial growth of the fungus on oatmeal
agar was 68° F. No growth occurred at 41 ° or 86°. Zoospore production, needed for infection, was best at 50° to 59° ; zoospore germination
and germ-tube elongation increased as the temperature was increased
from 50° to 77°, but they decreased at 86°.
Unless affected pods are accidentally included in the pack, the
chances of finding downy mildew on lima beans during marketing are
remote. Downy mildew has not been observed to develop during transit on beans that appeared sound when packed, nor to spread from
diseased to healthy pods during an 8- to 10-day favorable holding
period at 50° to 75° F.^
( See 25,30,67,70,102,189, )

Pod Blight
Diaporthe phaseolorum (Cke. & Ell.) Sacc.

Pod blight of the lima bean occurs along the Atlantic seaboard and
in the Southern States. Occurrence of the disease is correlated with
hot, rainy weather. Pod blight starts as a leaf spot in the field and
later spreads to the pods. The disease generally does not become serious
on the pods until the plants are nearly full grown. Young pods are
rarely affected.
In the early stages the lesions appear as reddish-brown, circular or
oval spots (pi. 9, A). They may occur anywhere on the pod, but there
* UnpubUshed data of Marguerite S. Wilcox and L. P. McCoUoch of this Division.
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is a tendency for them to develop around the edges of the pod. Eventually the lesions become studded with minute gray pimplelike elevations
that may be arranged in concentric patterns. These small structures
soon break the skin of the pod and emerge as black pustules or fruiting
bodies (pycnidia) (pi. 9, B). In pods that are severely affected or
that have large lesions centered over the seeds, the fungus may penetrate the pod and damage the seeds. Affected beans may show small
brown spots, or if more severely affected, the entire seed may be
discolored and shrunken. Lesions may coalesce until the entire pod
is affected and becomes covered with pycnidia.
Losses from pod blight are generally not extensive because the disease
affects the pods late in the season, and pods may show numerous small
spots without affecting the seeds. The market price may be depressed
more by the unsightly pods with lesions than by the quality of the
beans. However, appreciable losses may be experienced during seasons
when weather conditions favor disease development. Lima beans
should be cooled quickly to 32"^ to 36° F. and maintained at that range
if quality is to be maintained. At those temperatures pod-blight lesions
will not develop nor will established lesions enlarge. However, if the
beans are allowed to warm to 60° or above, the disease may develop.
The fungus enters through wounds, and under favorable conditions the
first symptoms of disease appear about 4 days after inoculation.
Pod blight is of field origin. The fungus is known to be seed borne,
but since the disease does not occur where the seed crop is grown,
commercially produced seeds should be free of the disease. It appears
that the pathogen is carried over the winter by other means. For
further information on control measures, consult the State agricultural
experiment station or extension service.
(See 63,189.)
Seed Spotting
C/adospor/um herbarum fPers. ex Fr.)

Shelled green lima beans frequently develop a fungus spotting during
marketing that greatly reduces their value or may cause complete loss.
A species of Cladosporium that flourishes in the field on dead or dying
plant material causes the spotting. The seeds are contaminated with
the fungus during shelling, and spotting follows if temperature and
moisture conditions are favorable. Superficial brown spots 1/16 to
1/8 inch in diameter are produced on the seed coat (pi. 9, C). The
spots enlarge and under humid conditions they become covered with
the olive-green fungus. Eventually, the mold has a granular appearance because of the dense mass of spores, and the fungus penetrates
the seeds (Cotyledons).
Shelled beans held for 4 to 6 days at 50° F. or above may develop
superficial mold due to such fungi as Rhizopu^, PeniciUiuríh, and
Fusarium but without any relationship to the brown spotting caused by
CladosporiuTïh,
Shelled green lima beans are very perishable and quality is difficult
to maintain. Refrigeration is the best method of preserving quality.
In addition to preventing fungus spotting, proper refrigeration slows
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the conversion of sugar to starch, a chemical process which causes lima
beans to lose quality and become hard and starchy.
A temperature of 40° F. will control spotting for about a week, but
32° is more effective in controlling spotting and in preventing the beans
from becoming starchy. Shelled lima beans should not be held even
under ideal conditions for more than a week.
Washing the pods in a 4-percent solution of calcium hypochlorite
before shelling controls fungus spotting, but refrigeration is needed to
prevent starchiness.
{See IS, 78.)
Seed Stickiness
A number of soil-inhabiting bacteria may cause a sticky condition
on the surface of shelled green lima beans during marketing. Research
on this problem, however, showed that Psevdomonas ovalis (Ravenel)
Chester, Achromohacter coadimatum (Wright) Bergey et al., and an
organism similar to A, Upolyticum (Huss) Bergey et al., are the most
common causes of stickiness. These organisms are present on the pods
and contaminate the beans during shelling. Favorable temperature
and moisture permit the bacteria to multiply on the surface of shelled
lima beans and develop a sticky or slimy condition.
Prompt refrigeration at 32° to 40° F. is the best method of controlling stickiness. These temperatures also retard the development
of starchiness in the beans.
Washing the pods in a 4-percent solution of calcium hypochlorite
before shelling gives good commercial control of stickiness.
(Seei/5.)
Yeast Spot
Nemafospora phaseoli Wingard

Yeast spot was reported on the seeds of lima beans in 1922. It is a
field disease that enters the pods through insect injuries. Small-seeded
varieties are especially susceptible. The disease has been of importance
in the Southeastern States and has been reported as far north as
Minnesota and Illinois and west to Oklahoma.
The pods show no external evidence, as only the seeds are affected.
Seeds may be attacked by the yeast at any stage. Those infected
before they are half grown are most seriously damaged. Slight infection may arrest seed development and reduce yield. Active infection produces dark-brown, irregular, sunken areas (pi. 9, D). The
seedcoats may remain unbroken, but in some crater-like lesions the
seedcoat is ruptured and the affected tissues appear grayish brown
and granular.
The organism grows best at temperatures of 77° to 86° F. and ceases
to grow at about 65°. Infection from inoculations were successful only
when the pods were punctured. Insects have been most often associated with the spread of the disease, but the relationship has been
shown to be entirely mechanical.
The use of new varieties of lima beans, together with improved
control of insects, appears to be effective in the control of yeast spot.

{Seel7S,m.)
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SNAP BEANS
The pods of the wax and green-podded varieties of the common bean
{Phaseollis vulgaris L.) are marketed for table and processing purposes. Marketability of snap beans is determined primarily by tenderness, crispness, good color, and freedom from blemishes and decay.
Toughness, stringiness, and poor color are usually due to overmaturity.
Too long a period between harvesting and consumption, however, may
cause similar deterioration. Lack of crispness, especially of immature
pods, iä due to wilting because of loss of moisture.
There are several field diseases of beans that seriously curtail yield,
but do not affect the pods directly. The size and quality of pods may
be indirectly affected, however, by such diseases as fusarium root rot
{Fusarium solani (Mart.) Appel & Wr.), virus diseases, leaf spot
diseases {Gercospora canescens Ell. & G. Mart., Cercospora cruenta
Sacc, and Phyllosticta phaseolina Sacc), ozonium root rot {PhymatotrhhuTYh omfnivoi^jbm (Shear) Dug.), ashy stem blight (Macrophomina phaseoli (Maubl.) Ashby), root knot {Meloidogyne spp.), and
root rot {Thielaviopsis hasicola (Berk. & Br.) Ferr.)
Diseases that occur in the field but may also be found during the
marketing of snap beans are anthracnose, bacterial blights, bacterial
wilt, powdery mildew, sclerotium rot, soil rot, cottony leak, virus
diseases, and rust. Plants and pods also may be affected with heat
injury or sunscald.
There are a number of diseases that rarely cause losses in the field
but may be important during the marketing of snap beans. Such
diseases are bacterial soft rot, gray mold rot, watery soft rot, rhizopus
rot, and russeting.

Anthracnose
Colletotrichum lindemuthianum (Sacc. & Magn.) Scrib.

Anthracnose, a disease of worldwide distribution on snap beans,
can occur in any of the moist areas of production in the United States.
For many years anthracnose was one of the most serious diseases in
the production and marketing of snap beans. At that time much of
the seed used for growing beans east of the Mississippi River was
grown in Michigan and New York. Conditions there were favorable
for the anthracnose fungus, and infected seed distributed the disease
to other moist areas. Infected seeds saved from locally grown crops
also perpetuated anthracnose.
The first symptoms of anthracnose on pods are minute, oval or
circular greenish-brown specks, which later become brick or rust red
to black around their borders as they enlarge (pi. 6, A). The spots
may range in size from specks to areas one-half inch in diameter. As
the spots enlarge, their centers sink and become dark. Under moist
conditions the centers become covered with flesh-colored dots of fungus
spores, which later may run together in a slimy mass. Under dry
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conditions the spore clumps dry down to a gray, brown, or black
granular surface or to black pimplelike bodies.
Since the fungus is seed borne, anthracnose can be prevented by
planting disease-free seed. Snap beans grown in the Rocky Mountain
and Western States are free of anthracnose because of the dry climate.
This affords a reliable source for anthracnose-free bean seed. The use
of anthracnose-f ree seed has been so effective in controlling the disease
that this disease has not been reported on marketed beans for more
than a decade.
(Seei^^.)

Bacterial Soft Rot
Erw'mia carotovora (L. R. Jones) Holland

Snap beans under transit conditions are affected less frequently
with bacterial soft rot than most other vegetables. However, soft rot
may follow bacterial blight or some of the fungus rots.
While the causal organism is not always able to enter sound pods
through the unbroken epidermis, it may enter through tissues weakened by wounding, aging, sunscald, or freezing. Pods become more
readily infected when they are wet and warm. The organism causes
a slimy, somewhat watery rot accompanied by a putrid odor.
Prompt cooling to about 45° F. and maintaining a temperature range
of 45° to 50° during transit and marketing will control bacterial soft
rot or hold it to a minimum.

Bacterial Wilt
Corynebacterium fíaccumfacíens (Hedges) Dows.

Bacterial wilt of beans has been reported from widely separated
areas, but the exact distribution of the disease is unknown. Serious
losses have been reported in some years since 1946 in Colorado and
Wyoming. The disease is seldom found, however, on snap beans during marketing. Bacterial wilt occurs in some of the same localities as
common and halo blight, and because of the similarity of certain
symptoms these diseases may be confused. In general, however, the
typical symptoms of each serve to distinguish the diseases.
The seed-borne bacteria furnish the primary source for field infection. The bacteria move through the vascular system, and if the plant
survives, the pods and seeds become diseased. Some pods bearing infected seeds appear normal, but others show dark green, watersoaked,
elongated spots on the suture to which the seeds are attached. These
lesions develop from infected vascular tissues, which die and turn
brown. The circular, watersoaked spots, which are typical of common
and halo blight, do not occur on pods affected by bacterial wilt. Pods
seriously affected by the wilt organism, especially immature ones, tend
to wither. The bacteria may enter the hilum of the seed and form yellow masses of bacteria under the seedcoat, or they may multiply on
the surface of the seeds and form small, yellow, crustlike deposits.
No resistant bean varieties are known, and the principal means of
control is by the planting of disease-free seed. Prompt cooling to
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about 45° F., and maintaining a temperature range between 45° and
50° during marketing are recommended.
(See 66,189.)

Cottony Leak
Pythium butieri Subr.

Occurrence, Symptoms, and Effects

Cottony leak is a fungus disease of beans that may occur wherever
beans are grown. High temperatures and heavy rainfall are necessary to initiate the disease. Such weather conditions often occur in
most bean-producing areas at some season. For example, cottony
leak may become a problem in Florida from April until the end of the
shipping season in June ; at times it occurs in the fall ; but it is not a
problem during the winter months. Cottony leak, often misidentified
as watery soft rot, is one of the most serious diseases of beans after harvest. If the disease is present on beans at harvest they rarely remain
free of the rot during marketing even though precautions are taken
to pack apparently sound beans and to use proper refrigeration. Because of this hazard to quality, the price of affected lots is markedly
reduced.
Cottony leak usually starts where bean pods were in contact with
the soil. The abrasive action of the soil usually damages the cuticle
and some browning of affected areas occurs. In the early stages of
the rot the typical watersoaked condition may occur in normal tisúes
or in the browned area described above. At temperatures between
75° and 90° F. decay develops rapidly and white cottony mycelium
is produced profusely (pi. 6, G).
Infection of healthy beans in the pack through contact with a mycelium occurs readily, and the mat of mycelium binds the pods together
to form a "nest" of decay. Decayed beans are soft and watery and
that condition together with the mass of white fluffy mycelium has
prompted the term "cottony leak," a name well established for this
kind of decay on many vegetables.
Cottony leak is most similar in appearance to watery soft rot, caused
by Sclerotinia sclerotiorum (Lib.) DBy. (see p. 30), but the two diseases may be separated by the following characteristics : The cottony
leak fungus is of fine texture, and is pure white and fluffy when fresh.
The fimgus never produces sclerotia or resting bodies. The watery
soft rot fungus, in contrast, has coarser, slightly grayish mycelium,
which soon produces conspicuous, hard, brown to black sclerotia.
Causal Factors

Several species of Pythium such as P. hutleri, P. vltimum Trow, and
P. Tnyriotplum Drechs. attack bean plants and are able to cause a soft,
rot and nesting of inoculated pods, but only P. butieri has been
isolated from naturally infected bean pods.
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Control Measures

The presence of cottony leak at harvest presents a hazard in keeping
the beans sound during marketing. Invisible infection makes their
keeping quality unpredictable. Beans should be dry when harvested,
and precautions should be taken to keep them as cool as possible during
harvesting and packing. All pods showing watersoaked spots should
be discarded during packing. Best control follows if beans are precooled, but not hydrocooled, to at least 50° F. as quickly as possible
after harvest and then the recommended temperature range of 45°
to 50° maintained during marketing. Infection can occur at temperatures between 54° and 96°. If the beans are permitted to warm much
above 50° and moisture condenses, the disease will probably develop
on pods with incipient infection and spread to other pods. Beans
from diseased fields should not be shipped long distances nor stored,
but should be moved rapidly through nearby marketing channels.
( See 32,33, ßl^, 86,126,189. )

Gray Mold Rot
Bofryfis cinérea Pers. ex. Fr.

The Botrytis fungus is present in all of the humid regions where
snap beans are grown. Gray mold rot could become a problem following prolonged periods of cool, wet weather. Under normal weather
conditions and under present marketing practices, however, this is
not a serious disease of snap beans.
Infection may occur through weakened, dead, or wounded tissues.
Decayed tissues are soft and w^atery but not mushy. Affected areas
are watersoaked or pale brow^n, and under moist conditions smokycolored mycelium soon develops (pi. 6, D). In advanced stages the
mycelium may produce granular-spore masses typical of the fungus.

Mosaics and Other Virus Diseases
Snap beans are subject to a number of virus diseases that dw^arf,
disfigure, and interfere with normal plant function. The curly top
virus may kill young bean plants ; other virsuses prevent pod setting.
All virus diseases greatly reduce yield.
The symptoms of these virus diseases vary due to such factors as
age and variety of plant, genetic composition, strain of virus, environment, and degree of severity of the disease. Irregular dark-green
areas on the pods that appear watersoaked, in contrast to the grayish
green of normal areas on the same pod, cause the mottled appearance
typical of the symptoms of certain viruses. Pods that are mottled,
malformed, or lumpy or have many irregular, sunken areas generally
may be suspected of having a virus disease.
AH virus diseases of snap beans develop in the field. Affected pods
will be found during marketing only if they are overlooked during
sorting and packing.
Although common bean mosaic, bean yellow mosaic, and curly top
are considered the most prevalent of the virus diseases in the production of snap beans, with the exception of common bean mosaic, pods
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affected bv these viruses are usually not found on the market. More
likely to be found are pods affected by southern bean mosaic, two
strains of common bean mosaic, pod mottle, and pod-distorting mosaic.
This is not because of the greater abundance of these virus diseases,
but because the pods are more generally affected Avithout becoming
actually spoiled. Although the four virus diseases that follow are
treated separately, their symptoms on pods overlap and visual identification cannot be made.
Southern Bean Mosaic

Southern bean mosaic occurs in such widely separated areas as
Louisiana, Illinois, California, Maryland, Mississippi, Georgia, Colorado, and Idaho.
The pod symptoms are quite striking. Seriously affected greenpodded beans show irregular shaped, dark green, watersoaked areas
intermingled with normal gray-green areas, producing a strongly
mottled appearance (pi. 7, B). The pods are also malformed.
Common Bean Mosaic

Greasy pod is a descriptive name applied to beans affected by a
strain of the common bean mosaic virus. The disease occurs wherever
beans are grown, and the pods are most severely affected during periods of high temperatures in the field.
The disease is characterized by shiny or greasy appearance of the
pods because of a lack of pubescence on the affected areas. The
symptoms are similar to those of southern bean mosaic.
Another strain of common bean mosaic was found in Florida in
1961 (pi. 7, A). The virus is different from other strains of common
bean mosaic. Symptoms on pods are also distinct from the types of
mottling found on pods affected by other bean mosaic viruses. Instead of the usual irregular mottled areas, there is a strong tendency
for the pattern to follow long, fairly broad, stripes of normal and
affected tissues. Absent also is the greasy or watersoaked condition
of the affected areas.
Pod Mottle

Pod mottle is a relatively new disease, first described in 1945. Information on its distribution is limited, but the virus has been obtained
from beans grown in South Carolina, Illinois, and Florida.
Pod symptoms are similar to those of southern bean mosaic, but the
symptoms of pod mottle are more pronounced. Affected pods are
often malformed, showing either abnormal curvature or a constriction at points between seeds. The most obvious symptom, however, is
the striking mottled appearance. Affected areas are dark green, and
watersoaked, with a glassy appearance, and somewhat sunken in contrast to the normal gray-green tissues (pi. 7, C, D).
Many varieties of green-podded bush and pole snap beans are commercially resistant.
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Pod-Distorting Mosaic

The pod-distorting mosaic virus is a strain of bean yellow mosaic.
The distribution of bean yellow mosaic and its strain are not definitely
known. Although the disease occurs in widely separated areas, it is
seldom found in the Southern States.
As the name implies, affected pods are distorted and malformed,
having irregular, rough, warty areas. Pod distortion and malformation are much more pronounced than those symptoms induced by
other viruses. Mottling of the pods, however, is not nearly as pronounced as it is on beans with pod mottle, greasy pod, or southern bean
mosaic. No variety is resistant to bean yellow mosaic.
(See 7, 8, 55, 62,69, 73,137,185,186,187, 188,189,)

Powdery Mildew
Erysiphe po/ygoni DC.

Powdery mildew of beans is a disease of major importance in the
field. It occurs in the Southern States on the fall crop and is prevalent
along the Pacific coast every year on snap and lima beans.
In severe outbreaks the pods often develop the disease. In the
earliest stages of the disease the fungus may be found in the spots on
the pods. When the fungus disappears, affected areas are yellowish
to reddish brown. Seriously affected pods may be tw^isted and malformed. Severe infections result in spots of dead, discolored tissues,
which may be somewhat sunken. Generally, however, infection is
mild and causes a reddish-brown speckled to fringed discoloration,
which is superficial and has indefinite margins.
E, polygoni, the cause of the disease, is representative of a large
group of parasitic fungi. It draws its nourishment from its host by
haustoria attached to the leaf, stem, or pods. Two types of reproductive bodies are produced: (1) conidia or summer spores and (2)
ascospores borne in perithecia. The latter are rarely found on beans.
Spores will germinate and germ tubes will penetrate at quite low
humidities. It has been shown that low soil moisture tends to result in
more severe damage to infected plants. This disease is of minor importance in snap beans on the market. For field control, consult the
State agricultural experiment station or extension service.
(See ^8,103,182,189.)
Rhizopus Soft Rot
Rhizopus stolonifer (Ehr. ex Fr.) Lind, and R. trîticî K. Saito

Ehizopus soft rot may be serious on beans if they are held under
moist conditions and high temperatures after harvest.
Under such conditions Rhizopus causes a soft watery rot. The
fungus soon develops a coarse, white stringy mycelium, which later
turns gray and bears glistening, white spherical spore-filled heads
(sporangia) that soon turn black. The coarse mycelium (whiskers)
spreads from diseased to sound beans resulting in a nest of decayed
pods.
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Rhizopus fungi may cause decay at temperatures of 54° to 96° F.,
but most decay develops at 80° to 85°. Rhizopus rot therefore is not
a problem if beans are maintained at the desired temperatures of 45°
to 50° F. after harvest.
(See^^.)
Russeting
Russeting is a physiological disease of beans that should not be confused with the term "rust," a universally accepted name for a fungus
disease of beans. Russeting is characterized by the death of surface
cells anywhere on the pod, which then become rusty brown to chestnut
brown (pi. 7, E). Browned areas are irregular in shape and without
definite margins, but they sometimes occur as short, narrow somewhat
parallel areas suggesting streaks. The dead tissues are usually not
sunken and are not highly subject to infection by decay organisms.
Russeting, as found during the marketing of beans, is basically
a form of chilling injury; however, it is increased by keeping the
beans wet. The disorder is brought on by liolding beans for several
days at 32° to 40° F. Different lots of beans vary somew^hat in susceptibility to russeting. In general, however, beans held at 32° to
40° F. for 5 days or longer develop russeting when removed to temperatures of 70° to 80°. In one experiment with freshly harvested
beans, russeting was not apparent on beans held 7 days at 36° to 40°
as they were removed from storage, but was discernible on those held
9 days. After the beans were removed to room temperature, russeting developed in 24 hours on all lots held 5 days or longer at 36° to
40°. The severity of the disorder increased as the storage period at
low temperatures was increased.
To be useful, the term "russeting" should be reserved for the condition caused by low but nonfreezing temperatures, as previously described. The term has been frequently misused to include conditions
such as aging in the field, sunscald, wind and sand scarring, and scarring caused by the powdery mildew fungus. The similarity of some of
these disorders makes an accurate use of the term "russeting" difficult.
In general, however, the other disorders are either rare enough or
different enough to make the restricted use of russeting practical.
For example, if pods are left attached to the plants well beyond
the time of prime maturity, they may develop symptoms typical of
russeting. Since such beans never reach the market no problem of
identity is involved.
Another condition often mistakenly identified as russeting is sunscald, which has certain characteristics quite distinct from those of
russeting. (See Sunscald, p. 30.) For example, sunscald occurs on
only one side of the pod ; the tissues are first watersoaked, then usually
become sunken ; and the color is a redder brown than that of russeting.
Beans are occasionally affected by wind and sand scarring. The
damage occurs over the pod as in russeting, but the damaged area
appears chafed and the brown tissues are a duller color than that in
russeting.
Beans affected with powdery mildew become discolored and the
disease is at times mistakenly identified as russeting. Wliere powdery
mildew is common, some pods with early stages of the disease will be
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found with the white powdery fungus on the surface of the pods overlying discolored tissues. When the whit^ powdery fungus is rubbed
away, a reddish-brown discoloration is exposed. In general, the pods
show some sunken areas and are more speckled than pods affected
with russeting.
^
The true russeting of beans can be controlled by holding them at
the proper temperature. Beans should never be transported or stored
at 40° F. or below. The recommended transit temperature for snap
beans is a range of 45° to 50° F. After reaching the market, beans
should not be held any longer than is necessary to get them through
the wholesale and retail channels. And during that time they should
beheld at 45°.
During retailing at temperatures of 45° to 50° F., beans can be
safely sprinkled with water without the hazard of russeting, unless
they have been previously held for several days at temperatures below
45°.
(See Pi.)
Rust
Uromyces phaseoli (Reben) Wint. var. typica Arth.

Rust is a fungus disease of beans that occurs throughout the world
wherever weather conditions are favorable. The critical factor is
moisture. A relative humidity of about 95 percent for a period of
8 to 10 hours or more is necessary for extensive infection. At times
rust causes serious losses in the field, even crop failure. Although
rust is a production problem at times, pods are so rarely affected that
there is little chance of the disease reaching the market. Rust pustules
on the pods are similar to those on the leaves. They start as small
brown spots and later appear as rusty-brown pustules. The pustules
are from %6 to l^ inch in diameter and show typical slits and feathering over the surface.
For field control, consult the State agricultural experiment station
or extension service.
(See 189.)
Sclerotium Rot (Southern Blight)
Sc/eroffum ro/f$f/ Socc. (Pellicularia rolfsii iCurzi) West)

Sclerotium rot or southern blight is a disease of vegetables in the
southern tier of States. In general, the disease on snap beans is of
minor importance after harvest. Sclerotium rot has at times, however, been observed on beans following periods of hot, wet weather.
Pods mostly affected were those that had been in contact with the soil.
The decayed area appears watersoaked without much change in color
of the pod. Under warm, moist conditions, the coarse white mycelium
makes characteristic fan-shaped patterns of growth over the decaying
pods and causes a nest of decay. Typical mustard-seed-like sclerotia
soon form in the mycelium. The sclerotia are spherical and in a few
days turn brown. White fan-shaped patterns of mycelium and the
sclerotia are striking S3rmptoms of this disease.
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At temperatures of 60° F. or above, the decay spreads rapidly from
diseased pods to surromiding beans. Infection does not occur, however, at temperatures below 46°. Consequently, this disease can be held
in check by quickly cooling beans to the desired temperatures of 45°
to 50° and maintaining that range.
(See 86,189.)

Soil Rot (Rhizoctonia Pod Rot)
Rhizoctonia solani Kuehn (Pellícularía filamentosa (Pat.) Rogers)

Occurrence, Symptoms, and Effects

Soil rot may occur on snap beans and lima beans wherever they are
grown. The main losses from soil rot are during long distance shipment, especially beans shipped from the Gulf States during the warm
spring and early summer months. The soil-rot fungus attacks various
parts of the bean plant, including the pods, in the field. Initial infection usually occurs at the point where pods were in contact with the
soil. Soil rot during marketing develops from incipient infections that
were invisible when the beans were packed or from the inclusion of
beans with active lesions that were overlooked during sorting and
packing.
Soil rot starts as small rusty-brown to brown lesions anywhere on the
bean pod. Lesions may be numerous or single in number. The decayed
areas are irregular in shape and without definite margins. As the
spots enlarge, the affected tissues may become soft and brown, or they
may dry out and become rqughtened and chocolate brown often surrounded by rust-colored tissues (pis. 6, C, and 8, E). Under some
conditions, large lesions may show concentric zone markings. The
above description is typical of the symptoms of soil rot as usually
observed on beans during marketing. Under moist conditions with inadequate refrigeration, however, the surface mycelium is stimulated
and grows over and infects healthy pods that are near the diseased
beans. In a few days the mass of decayed pods may be bound together
by the mycelium to form a nest of decay.
Causal Factors

Soil rot is caused by the fungus Rhizoctonia solani whose perfect
stage is PellicuLaria filaimentosa. It is a common inhabitant of many
soils. The fungus, which is parasitic on many vegetable crops,
flourishes during warm wet weather. Although infection can occur
at a wide range of temperatures, the fungus grows very slowly at
temperatures of 45° to 50° F.. the range recommended for transporting
and holding beans.
Control Measures

Beans harvested from fields where the soil rot fungus is flourishing
will probably develop some decay during marketing. Beans from
affected soil should be carefully sorted to exclude pods with lesions
from the pack. The beans should be dry when packed and should be
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promptly cooled and maintained at temperatures of 45° to 50° F. This
temperature range will prevent the development and spread of the
disease during a normal transit period of 7 or 8 days, but will not
necessarily prevent the development of some lesions on pods after they
are unloaded and exposed to moist warm conditions.
(See^i^.)
Sunscald
Snap beans may develop sunscald during periods of intense sunlight
following several days of cloudy weather if the beans are unduly
exposed to the sun. Pods may become exposed because of changes
in position of the plants or because of loss of some of the leaves.
Heat is more penetrating under moist than under dry conditions, and
beans develop more sunscald when the soil is wet or when the humidity
is high.
Affected areas are first seen as tiny reddish-brown spots on the
exposed surface of the pods. In slightly affected areas the reddishbrown spots become reddish-brown streaks running diagonally across
the pod. Seriously damaged pods may develop a watersoaked condition followed by a complete death and browning of the affected tissues,
which later lose moisture and become sunken.
In the early stages some of the watersoaked lesions resemble lesions
of bacterial spot and bacterial blight but' lack the greasy exúdate that
often is present in bacterial blight lesions.
The symptoms of beans slightly affected by sunscald and those with
russeting are sometimes difficult to distinguish. Sunscald occurs only
in the field and only on one side of the pod, but may be slightly delayed
in producing symptoms. Russeting, as found on the market, occurs
after the beans have been harvested, and may occur anyw^iere on the
pod. (See Russeting, p. 27.) Pods seriously affected by sunscald
have relatively large, sunken, dark, reddish-brown areas, which are
not evident on those affected by russeting.
(See 189.)
Watery Soft Rot
Sc/erofin/a spp.

The Sclerotinia fungi are soil-inhabiting organisms that are widely
distributed. The w atery soft rot disease produced by these fungi frequently cause serious losses in snap beans following cool, moist weather.
The disease is most damaging in the fall crop of beans grown in the
Middle Atlantic States, in the later winter and early spring crops
in the Southern States, iind in the crop grown in the moist areas of
the Pacific Northwest.
Although infection may take place through wounds or through old
or weakened tissues, wounds are not necessary. Badly diseased pods
may be sorted out at harvest, but those with incipient infections carry
the disease to beans packed for market. Incipient infections may
develop into active decay. Under favorable conditions the mold
spreads from pod to pod enmeshing the beans to produce the so-called
nests of decay in containers during transit and during holding at the
market.
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One or more lesions of various shapes and sizes may occur anywhere
on pods. Affected areas are first watersoaked but may later develop
a pale tan color. Decay develops rapidly at room temperature. White
mold, either cottony or somewhat appressed, usually accompanies
decay (pi. 6, E). At a certain stage of development the fungus forms
resting bodies known as sclerotia (pi. 6, F), which are the most
important diagnostic feature in advanced decay. The sclerotia are
white as they form, but at maturity they are black and hard.
Tests showed that extensive development of watery soft rot on
inoculated beans required temperatures of 70° to 80° F. for a short
period or 42° to 51° for about 2 weeks. Infection required 9 days at
42°, 7 days at 47°, and 4 days at 54°. Spread of the rot to other beans
required 5 days at 60° to 81° and 11 to 15 days at 42° to 51°. The rot
develops slowly at moderately low temperatures. Beans that develop
extensive watery soft rot during a 4- to 8-day transit period at recommended temperatures may have had active, but unapparent, lesions
at time of harvest.
Snap beans are subject to chilling injury and should not be held
below 45° F. Beans harvested from crops with active watery soft rot
should be cooled quickly to the desired transit and holding temperatures of 45° to 50°. Although these temperatures will permit some
development of watery soft rot during a period of 8 days or longer,
the development of the fungus will be slowed and should prevent decay
for periods up to 5 days. Beans should be dry when harvested. To
hold losses to a minimum, they should be moved through the marketing channels without delay. Avoid slow cooling, long-distance shipping, and storage of beans after they reach the market.
(See<^6',i^i.)
PEAS
The common garden or green pea {Pisu<m sativuon L.) is a member
of the pulse family. The processing of green peas for canning and
for freezing is a very important industry in a number of States. The
acreage of green peas grown for the fresh market, however, has declined from 13,730 acres in 1954 to 4,550 acres in 1964. The marketability of peas depends chieñy upon the pods being fresh, green, wellfilled, and free from blemishes and decay, as well as upon the tenderness
and ñavor of the seeds.
Many diseases and growing conditions affect the market quality of
peas either directly or indirectly. Seedling diseases, root rots, and
wilts, caused by various fungi, may kill plants outright or so reduce
their vigor that both the quantity and the quality of marketable peas
are affected. Similar effects may be caused in the field by root knot
nematodes, Meloidogyne spp. Several diseases directly affect both
the vines and pods, as pod spot (ascochyta blight) and bacterial
blight. Of lesser importance, but occasionally serious when seasonal
conditions favor the growth of the pathogens, are septoria blight,
powdery mildew, anthracnose, and downy mildew. The occurrence
of mosaics and other virus diseases of peas is increasing ; these diseases
adversely affect the yield and quality of peas. On the market, bacterial
soft rot, gray mold rot, rhizopus rot, and watery soft rot are the most
serious diseases.
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Anthracnose
Co/Zefofr/cfium pisi Patterson

Anthracnose has been reported from Connecticut, Georgia, Iowa,
Maine, Minnesota, Texas, Wisconsin, and Louisiana, but in general, it
has not become a serious disease. Extensive losses have been reported
only in Wisconsin in certain years.
This is a fungus disease that may attack the leaves, stems, and pods.
Anthracnose has rarely been found on peas after harvest.
Anthracnose appears similar to "pod spot" caused by another
fungus. The anthracnose spots on pea pods, however, are more circular in shape and larger than those caused by the "pod spot" fungus.
Anthracnose spots also have pale centers with dark brown margins
(pi. 9, F). Well-developed spots under moist conditions have yellow
to salmon-color wet spore masses. Even if fungus spores are present,
anthracnose will not develop on pods that are properly refrigerated
to maintain the temperature as near 32° F. as possible.
(See 7^, im)
Bacterial Blight
Pseudomonas pisi Sackett

Bacterial blight occurs in many States but is much more common
east of the Continental Divide than west of it. At times it causes
serious losses. Blight is most severe when humidity is high.
On pods the bacterial blight pathogen causes watersoaked, irregularly shaped, slightly sunken spots, which may be small to large
(pi. 8, F). In some cases the bacteria may spread through the pods
and infect and discolor the seeds. The high percentage of infected
pods sometimes found on the market probably results from small
lesions present at packing time, or from infections starting through
wounds incurred during harvesting or packing. The lesions present
at time of shipment may enlarge somewhat during transit, but it is not
known whether any new infections take place.
Effective control measures are not known. The use of disease-free
seed offers the best means to avoid bacterial blight. Peas should be
held at a temperature as near to 32° F. as possible during marketing.
(See 184,)
Downy Mildew
Peronospora pisi Syd.

The downy mildew fungus requires cool, moist weather for serious
disease development on peas. Such conditions ocx^asionally prevail
wherever peas are grown, but downy mildew is of economic importance
only along the moist, foggy coastal areas of California, Washington,
and Oregon. Under these favorable conditions the disease is often
widely spread by the time the peas are blooming. Pod infection,
which is the most serious feature of the disease, occasionally reaches
35 to 40 percent, and losses during marketing often range from 10 to 20
percent.
On the pods downy mildew is characterized by slightly raised,
irregular patches that become yellowish then gradually change to
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brown. The fungus, while not usually present on the surface of the
pods, often grows on the interior of the pods. Immediately below
the surface blotches the white mycelium nourishes and oospores are
produced in the tissues. Under certain conditions, not understood,
the disease appears to stimulate the proliferation of cells on the inner
surface of the pods to form white tufts of feltlike tissues. The proliferation is usually, but not always, present in pods affected with downy
mildew. It cannot be used as a diagnostic symptom, however, because
proliferation is sometimes found in healthy pods.
Diseased pods that reach the market are those that were overlooked
during sorting and packing. No control measures are effective after
harvest.
(See 21, U2.)

Gray Mold Rot
ñoiryfh cinérea Pers. ex Fr.

Gray mold rot may occur wherever peas are successfully grown
because conditions favorable for the production of peas are also
highly favorable for the development of the Botrytis fungus. Pods
carry the fungus spores on the surface at the time of harvest. More
than a week is required for the disease to develop from spores on the
surface of the pods at temperatures below 40^ F. Gray mold rot is at
times a problem on peas shipped long distances. Losses during transit
in cars requiring inspection have averaged about 2.5 percent. Gray
mold rot may develop also on peas held on the market at about 40° F.
Most of the losses from gray mold rot occur during retailing, especially
if peas have moved slowly through the marketing channels.
Gray mold rot starts as small, watersoaked spots, which gradually
enlarge and become grayish buff in color. Under favorable conditions,
a pale gray mycelium develops on the surface of the pods (pi. 8, D).
Later, the mycelium becomes brownish and in time it is covered with
small clusters of spores, which give the surface a strikingly distinct,
granular appearance.
Gray mold rot is generally not a problem during transit or brief
holdings if the temperature is maintained near e32° F. Only sound
pods should be packed and shipped, and if the season is favorable for
the Botrytis fungus to develop in the field, special precautions should
be taken for prompt and adequate refrigeration and speedy marketing.
(Seei7^.)

Mosaics and Other Virus Diseases
Peas have a number of virus diseases, mostly classed as mosaics, that
may greatly affect yield. Some viruses disfigure the pods, and a variety
of symptoms occurs. Pods that are affected early fail to form seeds;
those affected later form seeds but show symptoms on the surface of
the pods. Viruses are of field origin and are found on pods during
marketing only when overlooked during sorting and packing. In general, virus diseases are not important during marketing.
The following is a brief account of certain virus diseases that disfigure the pods.
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Enation Mosaic

Enation mosaic is a widely distributed disease that can cause serious
losses in peas. The most severely affected vines fail to set pods, but
less affected plants produce pods that are rough, ridged, or variously
distorted.
The common pea mosaic and bean yellow mosaic viruses also cause
malformation of the pods but not to the extent of enation mosaic.
Pea Streak

Pods that are well formed before the plant is seriously affected by
the pea streak virus become purplish-gray or brown. In general, pods
are spotted, pitted, and seriously malformed.
Spotfed Wilt

The spotted wilt virus has been reported on certain vegetable crops
from widely separated areas in the United States. Although spotted
wilt may occur on peas wherever there is a reservoir of the virus, there
is probably little occurrence outside of California. Even there spotted
wilt seems of little importance on peas grown for the fresh market.
On the pods spotted wilt is characterized by irregular brown patterns
with concentric markings.
Pod Spot
Aicochyta spp.

Pod spot (known on pea plants in the field as ascochyta blight), may
occur throughout the commercial production areas in the eastern
United States. Free moisture, in the form of rains and dew, is needed
to promote the disease ; consequently, peas grown in the arid Western
States rarely develop pod spot. Occurrence of pod spot after harvest
depends on the extent of the disease in the field, on favorable conditions
for the disease to develop after harvest from incipient infections, and
on the care in sorting out diseased pods during packing.
Three separate species of Ascochyta can cause the pod spot disease.
Ascochyta pisi Lib. affects the leaves, stems, and pods ; A. pinodes L. K.
Jones, attacks leaves, stems, pods, and roots; and A. pinodella L. K.
Jones, attacks mostly the roots, but does, at times, cause leaf and pod
spots. The most striking difference in the life history of these three
sçecies is that the ascigerous (sexual) stage has been found for A.
pinodes and is designated as Mycosphaerella pinodes (Berk. & Blox.)
Vest. Although the symptoms on the pods produced by the different
species are somewhat different, they are not sufficiently distinct to be
treated as separate diseases.
Lesions typical of those commonly seen on pods grow^n along the
east coast are more or less circular and range from 14 to % inch in
diameter. These spots are usually sharply depressed with a dark margin and a pale tan to pinkish center (pi. 9, *E).
Spots caused by certain other of the Ascochyta fungi are usually
not sunken ; they are % inch or less in diameter and range from dark

MARKET DISEASES OF VEGETABLES

35

brown to black. The fungus penetrates the pods and seeds. Affected
pods held under moist conditions develop black pimplelike bodies that
issue quantities of spores.
With the production of seed peas concentrated in the arid regions of
the United States where pod spot rarely occurs, this disease on the
market has probably been reduced from major to minor importance.
The development of lesions from incipient infections can readily be
prevented by the prompt cooling of peas after harvest to 32° F. and the
maintaining of that temperature during marketing.
(See ^7, 5U 76, 181^.)
Scab
Cladosporium pisicota Synd.

Pea scab has been reported in California, Maine, Oregon, Texas,
Utah, and Washington. This is caused by a fungus that may attack
foilage, stems, and pods in the field. All varieties of Pisum sativurrh L.
are susceptible to infection. Moist weather and temperatures of 70° to
72° F. are optimum conditions for the spread of the disease in the field.
Its presence after packing indicates the lack of thorough sorting.
The disease on the pods is characterized by dark brown or black,
irregular, raised, scablike spots that may occur in large numbers. Seed
infections appear as small blisters or brown and black lesions (pi. 9,
G) that, in advanced stages, become sunken and covered with greenishpowdery spores.
(See 7^.)

PARSLEY FAMILY
The parsley {Umhelliferae) family includes several food plants
eaten for their flavor and food value, such as the carrot {Daucus carota
L.), celery {Apium graveolens var. dulce (Mill.) Pers.), celeriac {A.
graveolens var. rapaceuTn BC), parsnip {Pastinaca sativa L.),, and
finocchio {Foeniculum vulgäre var. dulce (Mill.) Fiori). The seeds
and leaves of certain other members of this family are used principally
for flavoring and garnishing. These include anise {Pimpinella anisuni
L.), caraway {Carum carvi L.), parsley {Petroselinum crispum (Mill.)
Nym.), and dill {Anethum graveolens L.).
CARROT
For the most part the fresh market is supplied with carrots that are
pulled before they are fully grown. Some of these are marketed with
their tops on, but most carrots are topped and packaged in ventilated
plastic bags. The incidence of diseases in packaged carrots depends
upon the prevalence of organisms on the surface of the roots, upon
relative humidities, and upon temperatures high enough to stimulate
infection and decay. Carrots for processing and some others that are
grown to a large size are stored either in refrigerated or common
storage from 1 to 5 months.
In the field the aerial parts of the carrot plant are subject to a number
of diseases. Among these are bacterial blight {Xanthomonas carotae
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(Kendr.) Dows.), leaf blights caused by Cercospora carotae (Pass.)
Solh., and Alternaría dauci (Kuehn) Groves & Skolko, and mosaic
and yellows virus diseases. (See Celery, Mosaics and Other Virus
Diseases, p. 50.)
The principal diseases of carrot roots in the field are bacterial soft
rot {Erwinia carotovora (L. E. Jones) Holland), black rot (Stemphylium radicinurn (Meier et al.) Neerg.), which attacks older leaves
and under moist conditions may invade roots at the crowns, crown rot
{Pellicularia filamentosa (Pat.) Rogers), root knot {Meloidogyne
spp.), southern blight rot {Pellicularia rolfsii (Curzi) West), and
watery soft rot {Sclerotinia sclerotioruon (Lib.) DBy.).
Scab {Streptomyces scabies (Thaxt.) Bergey et al.) rarely attacks
carrot roots. In Canada, violet root rot {Rhizoctonia crocom/m (Pers.)
DC.) has been reported on roots in the field. Roots may be injured in
the field by several insect larvae, mainly wireworms (chiefly Limonius
spp.) and the carrot rust fly (Psilu rosae F.).
The most prevalent diseases of stored carrots are gray mold rot,
watery soft rot, black rot, rhizoctonia rot, fusarium rot, rhizopus soft
rot, and bacterial soft rot. Black mold and sour rot occur occasionally
on prepackaged carrots. Fungus rots less frequently found in carrots
stored under refrigeration than in common storage are licorice rot
(Oentrospora acerina (Hartig) Newhall), brown crown rot {Pellicularia ^lamentosa (Pat.) Rogers), crater rot {Rhizoctonia carotae
Rader), rubbery brown rot {Phytophthora spp.), rubbery slate rot
(Py^/immspp.).
Bitterness sometimes develops in stored carrots. Off-flavors result
when carrots are stored with apples; the bitterness results from exposure of the carrots to ethylene given off by the apples. Bitterness
also occurs in carrots affected with the aster yellows virus.
(See 6, U, 16,56,10k, 1^0,152,15S. 165,169.)

Bacterial Soft Rot
Erwinia carotovora (L. R. Jones) Holland

Bacterial soft rot was a serious problem when carrots were shipped
with tops on, because the bacterial organism often caused decay of the
foliage and the soft rot frequently spread to the roots. In the mid1960's most carrots for the fresh market were topped, prepackaged, and
handled under proper refrigeration. Bacterial soft rot rarely occurred under these conditions.
Stored carrots and parsnips, especially those held in common storage, may develop bacterial soft rot if temperatures are allowed to rise
much above 40° F. The roots may become infected anywhere, but
decay frequently develops at the crown and proceeds rapidly down the
core. Lesions usually have a grayish to brownish color. Decayed
tissues appear watersoaked (pis. 10, A, B, and 12, A) and are soft and
watery. Later they become slimy and usually have a putrid odor.
Bacterial soft rot is not a problem in carrots or parsnips stored at
temperatures of 32 to 36° F.
(SQel6,Sk,104,W0.)
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Black Mold
Thielaviopsis bas/co/a (Berk. & Br.) Ferr.

Since the advent of prepackaging, a number of shipments of western-grown carrots with blemishes caused by a black surface mold have
been received on eastern markets. The roots had black, irregular
spots, which were scattered indiscriminately over the surface (pi. 11,
A, B) and ranged in size from % to % inch. The mold usually affected only the skin, but some carrots had a dark-gray discoloration of
the underlying tissues to a depth of less than %6 inch. An apparently
similar disease has been reported in Holland.
The evidence indicates the fungus Thielaviopsis hasicola was able to
develop on carrots because of the combination of high humidity within
the polyethylene bags and the higher than desirable temperatures developed in transit and during marketing. Adequate precooling before
carrots are bagged and good refrigeration in transit and during marketing will control black mold.
(Seei<^,^.)

Black Rot
Siemphylium radicinum (Meier et al.) Neerg.

Occurrence, Symptoms, and Effects

The black rot fungus occurs in widely separated areas. The fungus
attacks the older leaves of plants and at times the growing roots in
the field. In general, however, the black rot disease occurs as a rot
of topped, stored carrots. The disease is destructive in the Northeastern and North Central States where carrots are stored.
Black rot may occur anywhere on the fleshy roots. Lesions on the
sides of the roots are circular to irregular with sharp margins (pi.
10, C). They are usually slightly depressed and shallow and have
greenish-black to black, dry, mealy tissues. Under moist conditions,
the decay penetrates deeper and affected tissues are soft and wet (pi.
10, D). Decay at the crown usually penetrates rather deeply into the
core. Black mold produced by the fungus may or may not be present
on the surface of decayed areas.
In storage, injuries caused by black rot open the way for more rapid
decay-producing organisms such as Botrytis cinérea and Sclerotinia
sclerofiomm.
Causal Factors

Black rot is caused by the fungus SteTrbj^hylium radicinuTn. The
fungus is seed borne, but it may also overwinter in the soil on dead
plant material. The fungus may infect roots directly from the soil,
or infection may occur from infected tops. The prevalence of black
rot lesions on the sides of the roots shows that the crown is not necessarily the pathway for infection from diseased leaves. Most carrots
at harvest probably carry spores of this fungus on their surfaces.
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Under favorable conditions these spores may infect the carrots mostly
through broken root tips, dying rootlets, or other wounded tissues.
The fungus can infect carrots at temperatures between 31° and 93°
F.; the optimum is 82°. There is no relation, however, between this
optimum and the occurrence of the disease during storage. Black
rot is a serious storage problem because the fungus can grow at low
temperatures ; and although it is a moderately weak pathogen, it can
cause decay during several months' cold storage.
Control Measures

Use care during harvesting and handling to hold mechanical injuries to a minimum. Store and cool carrots promptly and maintain
the temperature as near 32° F. as possible. Avoid fluctuating
temperatures and prolonged storage.
(See 16,5^, 8^, 100,10J^, 109, IW,)
Crater Rot
Rh/zocfon/a carofae Rader

Crater rot has caused serious losses in cold storage houses in western
New York and in Illinois. The decay is first evident as small pitted
spots having a whitish mold. The pits later enlarge into brown sunken
craters lined with a white to cream-colored mold. The brown craters
vary from 14 to 1 inch in diameter and from % to V2 ii^ch deep (pi. 11,
D). Decayed tissues beneath the surface lesions are light brown,
usually firm and dry. With high humidity the fungus may spread
over entire root surfaces and cause a firm decay unlike the crater rot
symptoms described above. During several months' moist storage
the fungi causing gray mold rot and watery soft rot may invade old
craters on the roots and cause secondary decay.
Crater rot does not appear until 1 to 2 months after storage. Once
the disease starts it seems to progress rapidly and in 2 to 3 weeks at
32° F. may render carrots worthless. The fungus spreads from infected to healthy roots, and may even spread to roots in adjacent
baskets. The fungus is apparently a soil inhabitant and infects only
carrots. It has been found to cause most decay in cold storage houses
where the relative humidities exceed 95 percent.
Measures to control crater rot are rigid sorting to cull out fieldinfected roots; use of new or disinfested storage containers; prompt
cooling and maintenance of a temperature near 32° F. and a relative
humidity near 95 percent, but avoiding surface moisture on the roots.
{^^^119,120,125,)
Fusarium Rot
Fusarium spp.

Various species of the fungus Fusarium cause a shallow, spongy,
occasionally brownish decay of carrots in storage. Lesions occur at
the crown or sides of roots, usually at the site of injuries. A sparse
white mold may develop in infected tissues and on the surface.

MARKET DISEASES OF VEGETABLES

39

Ordinarily, decayed roots are not found until after several months'
storage. The disease apparently seldom occurs if storage temperatures are below 46° F. Often fusarium rot is followed by bacterial
soft rot or gray mold rot.
Fusarivmi species have been isolated on the market from fresh table
carrots having lesions typical of the scab complex.
The control of fursarium rot in storage depends upon avoidance of
mechanical injuries during harvest and handling, rapid cooling, and
storage at temperatures about 32° F.

Gray Mold Rot
6ofryfis cinérea Pers. ex Fr.

Gray mold rot may occur occasionally in the field following cold,
wet weather or following frost injury. It is seen most frequently on
carrots in cold or common storage. Gray mold rot is not a problem
on bunched or topped prepackaged carrots.
Affected tissues are watersoaked, spongy, and light brown (pi. 10,
G). Lesions occur anywhere on the roots, usually at the site of injuries.
Whitish-gray, later grayish-brown, mold and granular spore masses,
develop on the lesions. In long storage and especially under humid
conditions sclerotia may develop (pi. 10, H). The rot spreads (nests)
in storage. Gray mold may become serious on stored carrots in 3 to
4 months, especially if the carrots are wet and temperatures of 38°
to 42° F. are maintained.
Gray mold can be reduced by careful handling, prompt cooling,
storing of carrots at 32° F., maintaining a relative humidity near 95
percent, and preventing surface moisture.
{^^Q16,86,10^,120,)

Rhizopus Soft Rot
Rhfzopus spp.

Rhizopus tritici K. Saito, Ä. stolonifer (Ehr. ex Fr.) Lind, R.
avrhizus A. Fisch., and R, oryzae Went & Geerl., cause soft rot of
carrots. This disease is of minor importance, but can become a problem in common storage if the temperature rises above 40° F. frequently. The disease is unimportant on carrots marketed promptly
for fresh use or on those lield in refrigerated storage.
The lesions have a brownish, watersoaked appearance (pi. 11, C),
and the decayed tissues are soft and watery. The early stages of
decay are distinguished from those of bacterial soft rot by the presence
of the fungus threads. These threads can readily be demonstrated by
gently pulling apart the decayed tissues. In later stages of decay
the coarse white mycelium (whiskers) of the pathogen can be found
growing over the surface of the lesions.
(See^J,im)
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Root Knot
Me/ofcfogyne spp.

Eoot-knot nematodes cause knots or galls on many plants, including
carrots and parsnips. Eoot knot occurs more frequently on plants
grown on sandy soils than on heavy soils, and its development is
favored by warm climates. Some species of root-knot nematode occur,
however, in the Northern States so that losses may occur wherever
carrots and parsnips are grown. The exact distribution of root knot
on these crops is not known. The disease is of minor importance on
the market because most affected roots are discarded during packing.
Early infestation may cause branched, poorly developed taproots.
In later infestations the taproot is well developed, but has numerous
galls over the surface, especially in the areas of secondary rootlets.
This gives affected roots a rough, lumpy or knotty appearance (pi.
12, B).
For information on control measures, consult the State agricultural
experiment station or extension service.
(See i^, 57.)

Scab Spot Complex
Scab spot of carrots is a physiological disease the cause of which
appears to be related to climatic, nutritional, and genetic factors.
The disease has caused considerable loss of carrots grown in California,
Arizona, Texas, Massachusetts, and perhaps other States.
In the original description the cause of the disease was attributed to
the bacterium Xanthonionas carotae (Kend.) Dows. and the disease
was named bacterial blight. Some years later the same disease was
studied by others, and the cause was found to be physiological. Although several bacterial and fungal organisms were isolated from
the scab lesions, these organisms were not the cause of the disease.
However, these organisms, as secondary invaders, contributed to the
range of symptoms found on carrots affected by scab spot.
Carrots affected by scab spot at an early stage may later show one or
more pockets of black necrotic tissues covered by normal tissues. They
may also develop sharp constrictions encircling the roots at the point
of damage. Lesions most frequently occur at or near the lateral rootlets (pi. 10, E, F). They may be few or numerous, separate or
coalesced. In the early stages lesions are brown to maroon and may
be raised. Later the lesions may crack and become sunken or contain
fragments of soil and necrotic tissues and appear black and scablike.
Practically all lesions are elongated laterally.
Eecent investigators have found that varieties of carrots with abnormal oil production are apt to develop lesions. The abnormal
physiology results from the interaction of a certain genotype with
peculiar climatic conditions. The disease is also aggravated by low
levels of nutrition.
{^^^6,62,56,68,165.)
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Sour Rot
Geofrichum candidum Lk. ex Pers.

Sour rot, caused by the fungus G. candidum, occasionally develops
in bulk and prepackaged carrots. The disease has been observed on
carrots from the major producing areas that supply the fresh market.
Infections occur under humid conditions, in wounds or weakened
tissues, such as broken root tips and dying rootlets, of carrots that
have not been adequately refrigerated. Carrots in film packages in
which moisture has condensed after removal from refrigeration, often
decay if held 2 or 3 days at 68° F. or above.
The decayed tissues are colorless, soft, and watery and have a pronounced vinegary odor.
Careful handling, precooling, and refrigeration at 32° F. after packing are recommended.
{Seel7S.)
Watery Soft Rot
Sc/erof/n/a sclerotiorum (Lib.) DBy.
-■■■■■ "i;

l^„,-,...\

The Sclerotinia fungus is a widely distributed soil organism: The
occurrence of watery soft rot after harvest is largely dependent upon
the presence of the active disease at harvest.
r The greatest hazard to carrots destined for storago^ exists if Ithe
weather at harvest is cool and rainy, making conditions îàvorabM3for
the development of the fungus. Stored carrots may develop the^rot
even at recommended temperatures in refrigerated or coiámon storage
during a period of 3 to 5 months. Decay may make rapi(^, progress in
storage if moisture condenses on the carrots. Tlie decay is ordiijarily
not important in carrots for fresh use.
¡:i^
1<
The symptoms of watery soft rot of carrots are watersoaking and
softening of decaying tissues. An important diagnostic characteristic
in the advanced stages of decay is the presence of the white fluffy to
appressed mold of the fungus (pi. 11, E). In later stages of decay
sclerotia of the causal organism may be formed in the mold growth.
Sclerotia are white at first, then bluish, and finally black.
Carrots from fields affected with watery soft rot should be carefully
sorted at harvest and processed within 30 days of storage. Carrots
should be stored at temperatures as near 32° F. as possible, and the
relative humidity should be maintained at about 95 percent. Proper
measures should be taken to avoid the condensation of moisture on
carrots in storage.
(See 7^7.)
CELERY
Celery (Apium graveolems L.) is grown for its leafstalks. The
celery plant consists of a short thickened stem or crown on which are
borne the fibrous root system below and the succulent leafstalks above.
Celeriac (Apium çraveolemYRr.rapaceumDC.) also known as turniprooted celery, is a form in which the leaves are borne on a thickened,
tumiplike crown that is the edible part of the plant.
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The marketability of celery is determined primarily by tenderness,
crispness, and color, and freedom from blemishes and decay. Tenderness is determined to a great extent by the variety, the local growing
conditions, and the weather during the growing season. Lack of
crispness is due to wilting because of shortage of moisture during the
period of growth, harvest, transportation, or storage.
Most of the diseases affecting the celery plant not only occur in the
field but are of direct importance on the market either as blemishes or
as decays of the leaves or the leafstalks. These include bacterial soft
rot {Erwinia carotovora (L. K. Jones) Holland), early blight
{Cercospora apii Fres.), late blight {Septoria apiicola Speg.), brown
spot {CephalosporiuTiv apii M. A. Smith & Kamsey), virus diseases,
bacterial blight {Pseudomomas apii Jagger), black heart, cracked stem,
freezing injury, crater spot {Pellicularia jilamentosa (Pat.) Rogers),
watery soft rot {Sclerotinia spp.), gray mold rot {Botrytis cinérea
Fr. ), and root rot ( Phoma apiicola Kleb. ).
Bacterial soft rot and gray mold rot are primarily transit and
storage diseases.

Bacterial Blight
Pseucfomonas apii Jagger

Bacterial blight has been reported from New York and a number
of other Northern States following periods of warm rainy weather.
This disease occurs only on celery and, in general, is of minor importance as a market disease. The principal symptoms are the development of numerous irregular to circular spots on the leaflets. At first
these are yellow, later turning to a rusty-brown with a yellow bordering halo around them. When the halo is not present the spots could
be mistaken for early or late blight infections. However, celery plants
with bacterial blight never show the ashen-gray mold typical of early
blight nor the black fruiting bodies that eventually develop on late
blight spots.
(See 35, 72.)

Bacterial Soft Rot
Erwinia carotovora (L. R. Jones) Holland

Occurrence, Symptoms, and Effects

Bacterial soft rot is a serious market disease that attacks a wide
variety of vegetables. The disease may occur wherever vegetables
are grown. It can be destructive both in the field and during marketing. Affected shipments of celery are always reduced in value and
in some shipments heavy losses occur.
The first symptoms of decay are small spots of soft watersoaked
tissues, which may occur on any part of the celery stalk. The decay
usually progresses rapidly. On the leaflets the tissues may be completely destroyed, resulting in a soft wet rot that is usually not
discolored. On the petioles the decay penetrates deeply as the spots
enlarge, and there is a gradual change from the watersoaked appearance to a pale brown color. Decayed tissues are wet and mushy (pi.
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13, A), and they slough away easily from the healthy tissues. Bacterial soft rot, of course, has none of the coarse mycelium in the
decayed tissues such as that present in rhizopus soft rot nor any
surface mold such as that usually accompanying wateiy soft rot.
Ordinarily, bacterial soft rot of celery lacks the offensive odor that
is associated with that rot on tomatoes and certain other vegetables.
Causal Factors

Bacterial soft rot of celery and other vegetables is caused by
E, carotovora. The bacteria are soil borne and will live on plant
debris or other organic matter. The disease is always more severe
following rains and hot weather just before harvest. The organism
requires wounded or dead tissues in order to establish decay. Under
warm moist conditions bacterial soft rot readily develops following
such diseases and injuries as early blight, late blight, brown spot,
freezing injury, black heart, and mechanical injury. It is frequently
destructive in celery that has not been refrigerated promptly after
harvest or in storage. Contaminated tools or wash water are common
sources of inoculum. Serious decay during transit and storage may
result from early infections.
Control Measures

Control measures include the adoption of general sanitary practices
around storage houses and during harvesting and packing operations.
Care should be taken to avoid contamination by soft rot bacteria. The
most important measure for the control of bacterial soft rot is that
of temperature control during transit and storage. Celery should be
cooled quickly after harvest and maintained at a temperature of 32°
to 36° F. during marketing.
(See 20, 77, 87, 129.)

Blad( Heart
Occurrence, Symptoms, and Effects

Black heart, a physiological disease of celery, occurs wherever the
crop is grown commercially. The occurrence of black heart varies
from season to season, but the greatest losses are reported in California
and Florida.
Because of new control measures, black heart has been less prevalent
since about 1953. The disease continues to occur, however, and is considered fairly important during marketing.
Typical black heart affects only the heart leaves of celery. In the
field the first symptoms may appear suddenly as brow^n watersoaked
lesions along the margins of the young heart leaves. This condition
may spread to the entire heart leaves or may become arrested. Affected
tissues become dry and turn black, which gives rise to the name "black
heart." Under favorable growing conditions young plants may recover from a slight condition, but the affected tissues do not recover.
In general, plants are most susceptible as they reach maturity.
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Typical symptoms of black heart during marketing are dead black
tips, or entire leaflets of the heart leaves (pi. 15, A). In severe cases
the peitioles of the heart leaves may also be discolored. Black heart
may be detected readily in stalks with sparse or spreading petioles.
In tightly formed stalks, however, the petioles must be forced apart to
locate diseased leaves. Occasionally, the outer leaves develop yellowed
or chlorotic areas before the firät symptoms of black heart appear.
Undoubtedly, most celery that has black heart when it reaches the
market had the disease when it was packed. Black heart may become
more serious during transit or on the market.
Bacterial soft rot organisms readily invade dead black heart leaves
and under favorable conditions may cause soft rot both in the field and
during marketing. (See Bacterial Soft Rot, p. 42.) Bacterial soft
rot is entirely a secondary disease and is in no way connected with the
cause of black heart.
Causal Factors

Through the years investigators have associated the development of
black heart in celery with such factors as hot dry weather or unbalanced water relationships; heavy fertilization, excess nitrogen or
potassium, or high soluble salts ; low calcium ; rapid growth ; and overmaturity. Recently, lack of calcium has been shown to cause black
heart.
Control Measures

Black heart is a field disease that may become more severe during
marketing, but is in no way induced by postharvest treatment.
The disease can be controlled by timely spraying in the heart leaves
with calcium chloride or calcium nitrate at weekly intervals starting
when the celery begins making rapid grow^th about 5 weeks before
harvest.
Special care should be taken to avoid packing celery affected with
black heart, for it is practically certain to develop bacterial soft rot
in transit or after reaching the market.
(See 12, JfO, J^S, Jß, SS, 87,129,)

Brown Spot
Cephalosporium apii (M. A. Smith & Ramsey)

The brown spot disease was first observed on celery from Colorado,
and later from New York, Connecticut, Ohio, Canada, and England.
In seasons when the average temperatures are high the brown spot
disease is more severe and may cause severe spotting and streaking of
stalks in the fields. These infections often open the way for secondary
bacterial soft rot infections in storage and on the market.
The brown spot disease is characterized by irregular, tan to brown,
shallow lesions one-eighth to three-fourths inch in diameter occurring
on the inside and outside of petioles and on leaflets (pi. 14, C, D).
Lesions are often so numerous that they coalesce to form areas one-half
inch to one and one-half inches in length. Infection may also result
in a curling or distorting of mature petioles.
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The causal organism G, apii is a weak pathogen that is present in
seedbeds and celery fields. The disease is generally more severe in
the fields when the average temperature is about 75° F. The fungus
grows in temperatures of 40° to 90° with the optimum at 75°.
Some plants bear incipient infections that may develop during transit or in storage. It is recommended that celery destined for the market
be quickly cooled and maintained at about 32° F. during marketing.
The use of resistant varieties has been shown to be effective in the control of the disease.
(See 89,128, ISS, IJfi,)

Cracked Stem
Occurrence, Symptoms, and Effects

Cracked stem, also known in another symptom phase as "brown
checking" or "adaxial crack stem," is a complex physiological disease
of celery relating to boron deficiency. The disease has at times caused
serious losses in Florida since 1924 and was first observed to be a problem in California in 1945. Cracked stem has also been reported along
the eastern coast of the United States and Canada and m Michigan,
Minnesota, and Oregon.
Cracked stem detracts from the appearance of celery, and if the
disease is severe, greatly reduces the value of the celery or even makes
it unmarketable.
In Florida in 1924 and in 1937, the term "cracked stem" was used
for a severe condition on celery that occurred on the convex side of the
peitioles. In California the affected area was largely confined to the
inside or concave side of the petioles and was called "adaxial crack
stem" by some and "brown checking" by others. Both symptoms, however, occur in California and in Florida. At this time each of these
symptoms is known to be caused by a boron deficiency or imbalance
m relation to certain other nutrients. Therefore, the nomenclature
can be simplified by using the original name of "cracked stem" to include both types of symptoms.
Cracked stem is a field disease and any symptoms that are found
during marketing were present at harvest.
Symptoms of cracked stem may occur on the front or back side
of celery petioles, separately or simultaneously, as well as on the
branchlets. The inner petioles are more often affected than the outer
ones. The first signs of cracked stem in the field are similar irrespective of the location on the petiole. These symptoms appear as small
white flecks immediately below the epidermis. The affected tissues
collapse and become light yellow. Healing then occurs between the
dead and growing tissue forming a corky layer which is light brown
to brown. Sometimes this condition remains unchanged, but generally
the affected petioles elongate and transverse cracks develop through
the corked areas giving them a distinct appearance. In cases of
severe cracking on the back of the petioles, special elongated cells adjacent to the ribs are involved, and the cracked tissues curl back and
turn brown (pi. 17, D). This characteristic is confined to cracks
on the back of the petioles. Such obviously and seriously blemished
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stalks would be culled in packing. Most of the cracked stem condition
found on the market occurs as slight visible blemishes or as more
serious blemishes obscured on the inside of the petioles.
The cracked stem condition in the suture or on the front of the
petiole is a common type of symptom and is usually severe enough
to be objectionable. In some cases the corked area has not become
cracked. Generally, however, the petioles continue to elongate after
the damaged tissues are corked over as described above, and transverse
cracks develop in the corked area (pi. 15, B). Only corked, cracked
lesions are found on celery after harvest.
Causal Factors

The complex of causal factors relating to cracked stem of celery
involves the plant's ability to obtain and utilize boron. The disorder
can be induced by a direct deficiency of boron or by an imbalance between boron and certain other nutrient elements such as nitrogen,
potassium, calcium, and sodium. Cracked stem has been reported on
celery grown on a wide range of soil types, but is worst in celery grown
on muck soil.
Cracked stem is much worse on celery that has received heavy fertilization. Low boron or high nitrogen and high potassium with low
boron causes an increase in cracked stem. A threefold increase in
potassium with a normal level of boron increased the incidence of
cracked stem in California on the front of the petioles, but did not
increase cracking on the back. In Florida ^ the cracked and curled
condition on the convex side of the petioles has been found to be related
to an imbalance between calcium and boron. The "brown check" phase
in the suture of the petioles, however, appears to be related to an imbalance involving nitrogen, potassium, sodium, and boron.
There is some indication that resistant varieties absorb more boron
than susceptible ones.
Control Measures

Control measures for cracked stem must be applied during the planting and growing of the crop. General control measures mclude use
of resistant varieties, reduction of nitrogen and potash applications,
and application of boron either to the soil or as a foliar spray. Recommendations of the State agricultural experiment station or extension
service should be followed.
(See 9,40, SO, 82,101,118,179,180.)

Crater Spot
Rhfzocfon/a so/an/ Kuehn (Pellîcularia fítamenfosa (Pat.) Rogers)

A petiole spot disease known as crater spot caused by the Bhisoctonia fungus {PellicvZaria fllanientosa) has been reported on celery
from California and Florida. In both localities the disease appears
° From correspondence and unpublished data of Howard W. Burdine, Florida
Agricultural Experiment Station, Belle Glade, Fla.
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to be associated with excessive water in peat soil. Losses result when
the outer petioles become so severely infected that they must be removed before marketing. The fungus appears to be of relatively
little importance as the cause of storage decay.
The first evidence of the disease is seen on petioles that are in contact with the soil. The lesions first appear as tan to brown, ovoid,
sharply delimited sunken areas on inner and outer surfaces of the
fleshy petioles (pi. 14, E, F). The sunken nature of the lesions has
given rise to the term "crater spot."
The bacterial soft rot organism E, carotovora often follows crater
spot and has at times been considered to be the cause. Careful inoculation studies by Houston and Kendrick demonstrated R, solani to be
the pathogen.
(See^^.)

Early Blight
Cercospora apVt Fres.

Early blight, a foliage disease of celery, occurs in celery-growing
areas all over the world. The disease detracts from the appearance
of the celery and the lesions caused by it facilitate infection by soft
rot bacteria. It frequently causes serious losses in California, Florida,
New York, arid Michigan, especially during periods of high temperature and abundant moisture. Severe blight may necessitate extensive
stripping at harvesttime.
The disease is caused by the fungus C. apii^ which is maintained
between crop seasons on plant debris. Under favorable conditions
spores carried by air currents, rain, or on the clothing of field workers
may spread the disease to healthy plants.
The disease on the leaves appears as circular, pale-yellow spots,
which enlarge rapidly and become brown (pi. 16, B). In moist
weather the centers of old spots assume a gray cast due to the growth
of the fungus. When present on petioles, lesions run lengthwise of
the stalk. The lesions can generally be distinguished from those of
late blight by the yellowish-gray color and by the absence of black
fruiting bodies found in late blight lesions. TTie most favorable conditions for spore germination are moisture on the leaf surface and a
temperature of 81° to 84° F. The optimum temperature for growth
of the fungus is 77° to 86°, although it grows well between 73° and 86°.
When early blight is serious at harvesttime, some stalks bearing
disease lesions may be overlooked during packing and appear on the
market. If infected celery is marketed, it should be cooled promptly
to 32° F. and moved through the channels of trade as rapidly as
possible.
{S^^81,106,160,163,)

Freezing Injury
Freezing injury of celery can be readily recognized at harvesttime
by the flabby watersoaked condition of the leaves and leafstalks.
Frozen leaves, if not attacked by bacteria, dry out and become papery.
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A second type of freezing symptom is the appearance of isolated
sunken lesions on the leafstalks. The lesions are elliptical on the
convex side and circular on the concave side of the stalk. The affected
tissues soon turn brown, so that the lesions are very conspicuous.
These types of injury are most often apparent at harvesttime and of
little importance on the market.
Celery that has been only mildly or partially frozen and that has
recovered without markedly conspicuous effects of the injury may be
seen occasionally on the market. This slight injury may be recognized by a loosening of the epidermis, which can be detected by twisting the affected leafstalks. Then, as the epidermal layer rises in
irregular corrugations, it will be seen that it has separated from the
underlying tissues.
(Seei^7,i77.)

Gray Mold Rot
Bofr/ffs cinérea Pers. ex Fr.

Although the Botrytis fungus occurs wherever celery is grown, gray
mold rot is usually not a problem during the marketing of freshly
harvested celery. In some years the disease has caused considerable
loss of Florida-grown celery when cool, rainy weather occurred before
and during harvest. In general, however, gray mold rot is confined to
stored celery and is probably the principal cause of loss of celery stored
longer than 4 weeks.
In tests at the recommended temperature of 32° F., gray mold rot
caused about 2 percent loss in 3 to 4 weeks, 5 percent loss in 5 to 6
weeks, and 15 percent loss in 7 to 8 w^eeks. Gray mold rot caused
nearly twice as much loss during the same periods at 38° as at 32°.^
Decay develops slowly at temperatures of 32° to 38° F. Lesions
are first watersoaked and relatively firm. Although decay may develop in an irregular pattern, it tends to progress lengthwise along
the petioles faster than across them. In advanced stages of decay,
the skin becomes quite tender and slippery. The decayed tissues
remain watersoaked for a long time at low temperature, but eventually
change to grayish-buff (pi. 13, B). Under conditions favorable to
the disease, masses of grayish-brown spores form, which give the surface a granular appearance.
Gray mold rot can be controlled on fresh celery by careful handling
and prompt cooling to at least 40° F. after harvest. Transit temperatures should be 32° to 36°, and storage temperatures as near to 32° as
possible. Gray mold rot may eventually develop in celery stored 4
weeks or longer, but the disease is greatly delayed at these temperatures. Only celery grown and harvested under conditions that favor
its keeping should be stored.
"UnpubUshed data of Chester Parsons, Market Quality Research Division,
Agricultural Research Service.
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Late Blight
Sepfor/a apiicota Speg.

Occurrence, Sympfoms, and Effects

Late blight is one of the serious diseases of celery ; it also occurs on
celeriac. The disease occurs wherever celery is grown. Although primarily a field disease, some new lesions may appear and old lesions
change after harvest. After harvest the dead tissues afford a ready
entrance for bacterial soft rot and watery soft rot organisms. Market
losses also result from the greater amount of trimming required and in
the less attractive appearance of the marketed product.
The first symptom on the leaflets is the formation of small yellowish
or chlorotic spots. These change to brownish, grayish, or sometimes
black. They may be few or numerous. If numerous, the spots may
coalesce to form large areas of dead tissues. The shiny black pycnidia
occur both on the dead tissues of the spots and also on green tissues
surrounding the spots. The pycnidia develop abundantly and are
scattered, although occasionally two or three may coalesce. On the
petioles the spots are elongated and parallel to the petioles (pi. 14, A).
The spots are without definite margins and are brown ; they frequently
coalesce to form larger areas. The pycnidia are mostly located on the
older spots, but are occasionally found on tissues showing little discoloration (pi. 14, B).
Cousal Factors

Following research published in 1932 the view was held that two
types of late blight of celery existed : A small-spot form caused by S,
apii-graveolentis and a large-spot form caused by S, apii. Of these
the small-spot form was considered to be the more common in this
country. S. afii-graveolentis was reported to differ from S. apii not
only in the production of smaller spots but also in the production of
diffusable pigment in culture media, production of spots with definite
outlines, pathogenicity on petioles, and shape and size of pycnidia and
spores.
Recent extensive studies of a worldwide collection of Septoria isolates from celery indicated, however, that only one species is pathogenic on celery. Fungus characteristics, such as ability to attack
petioles and to produce pigment in agar, were found to be only of
secondary importance. Pycnidial and spore shapes were found to be
similar. Their dimensions varied, but the differences between individual isolates were small. The occurrence of the large-spot type of
late blight of celery probably is largely dependent upon recurrent
mutations of small-spot fungus types. Since S. apiicola has priority
over other named species it probably should be accepted as the correct
name.
Control Measures

Transportation, storage, and market losses can be reduced by the
control of the disease in tlie field. However, if infected celery is mar-
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keted it should be cooled promptly to 32° F. and moved through marketing channels as rapidly as possible.
(See 26, 27, 29, 43, Jßa, 93,172,)

Mosaics and Other Virus Diseases
Cucumber mosaic, calico caused by either cucumber or alfalfa mosaic
virus, western celery mosaic, spotted wilt, and aster yellows are virus
diseases of celery that are prevalent in certain geographical locations.
In addition, there are several other virus diseases that occur less
frequently.
Since virus diseases develop in the field and most of the symptoms
have developed by harvest, affected plants are usually eliminated during sorting and packing. Some symptoms of moderate degree may
escape the sorter, however, and get into the commercial pack. There
are also some symptoms that may either develop or become more pronounced during transit or on the market.
Cucumber Mosaic

Cucumber mosaic occurs throughout the United States on a wide
range of unrelated plants. The virus is extremely variable. Three
strains of cucumber mosaic on celery have been named. The common
cucumber mosaic is probably found wherever celery is grown. The
southern celery strain of cucumber mosaic occurs mostly in Florida,
Cuba, and Puerto Eico, but has also been reported in New York. In
California a strain of cucumber mosaic virus that causes a more brilliant yellowing of affected leaflets than other strains is known as calico.
The yellow-mottle symptom of calico, however, may also be produced
on celery by the alfalfa mosaic virus.
The cucumber mosaic virus attacks the young plants in the field and
may produce a range of symptoms. The symptoms included here,
however, are those that may be found during marketing. Leaflets
may or may not be mottled, depending on the strain of the virus and
the time of infection. If mottled, the yellowed areas may be moderately or brilliantly colored. Affected leaflets may be grayish green
and may be narrow and twisted. Some may have dark-green blisterlike areas. In severe cases of common cucumber mosaic, the petioles
show elongated brown areas. Petioles affected by southern celery
mosaic develop buff to smoky-brown sunken spots (pis. 15, C, and
17, C). The spots appear somewhat translucent and irregular in
shape, and may occur sparsely or in abundance. The vascular tissues
may also be discolored.
Western Celery Mosaic

Western celery mosaic is the most prevalent virus disease of celery
in California ; it also occurs in Colorado. Apparently, the disease is
restricted to members of the Umbelliferae (parsley) family.
On the Utah types of celery the virus causes a green-light-green
mottling or vein banding with cupping and distortion of leaflets. If
plants are seriously enough affected, the petioles may lose moisture
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and become flabby during transit or after reaching the market. Some
stunting and horizontal spreading of petioles occur in seriously
affected plants, but these would not be marketed.
Spotted Wilt

Spotted wilt may occur wherever celery is grown, but it is not a
serious problem in any locality at this time.
The symptoms are mainly confined to the outer petioles. The older
leaflets are the first to show signs of the disease. They develop numerous small yellow spots, which become necrotic. Areas of dead, brown
tissues occur in the petioles and appear as sunken brown patches.
Seriously affected plants are stunted and are not marketable.
California Aster Yellows

In the study of aster yellows in New York, the virus did not infect
celery, although it was transmitted to related plants such as dill and
anise. In later studies with the aster yellows strain in California,
celery was found to be susceptible to the virus. The New York strain,
however, infected only a small percentage of plants, which indicates
that some strains are more infective than others. The disease is a
problem in the production of celery in California; it also occurs in
the Middle West.
Affected inner petioles are shortened and chlorotic and are bent and
twisted as they intertwine giving the plant a contorted appearance
(pi. 15, D). Outer stems are prematurely blanched, brittle, and often
cracked. Affected leaflets are yellow.
Control Measures

Virus diseases are important on the market only when an attempt is
made to market affected plants. For details on the control of virus
diseases, consult the State agricultural experiment station or extension
service.
{See U, U, 117, m, 135, 136, lU, 151, 161^, 181,)
Pencil Stripe
Pencil stripe of celery is a physiological disease that apparently occurs only in Florida. It is not a new disease, but little has been known
about it until recently.^ Kecent severe occurrences of pencil stripe
probably coincide with the introduction of the celery selection Utah
52-70 into commercial production in Florida.
The narrow brown lines that characterize the disorder occur both
on the petioles and their branchlets. The disorder, when present on
the branchlets has been erroneously called "rust" by some growers, a
term which should be reserved for the disease caused by the rust
fungus.
' From correspondence and unpubUshed data of Howard W. Burdine, Florida
Everglade Experiment Station, Belle Glade, Fla.
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Pencil stripe may start while the plants are in the seedbed, but
usually the disorder develops during the last 3 weeks before harvest
and is most pronounced during tlie last week that the plants are
maturing.
Affected plants develop a brown pigment, which penetrates the
tissues to the surface cells, along the vascular bundles. I^ong, narrow,
brown lines parallel to the petioles form the basic characteristics of
the pencil stripe disorder (pi. 16, C, D). Closely spaced horizontal
checks composed of corky tissues may form across the brown lines as
in certain symptoms of boron deficiency. This phase is not typical of
the disorder, however. Although more research is needed to determine
the complex cause of pencil stripe, present studies indicate that the
disorder may be associated with high phosphate content of the soil.
The disorder is most prevalent during December and January, but has
been observed in June.
The original Utah strains are more homozygous than Utah 52-70 in
their susceptibility to pencil stripe. Selected strains that appear to be
resistant to the disorder are being tested.

Phoma Root Rot
Phoma apiicola Kleb.

Phoma root rot occurs in northern celery-growing areas in the
United States. Celery and celeriac are the major hosts. Losses from
phoma rot are sporadic and largely confined to the field. In several
shipments, however, the disease has been responsible for approximately a 50-percent loss either in storage or on the market.
This decay is confined chiefly to the tissues of the crown, which are
first bluish-green and later black. When the disease is severe, the
affected tissues are usually completely disintegrated by secondary soft
rot organisms. This rot is easily distinguished by its greenish color
and less watery consistency from that caused by Sclerotinia sp.
Phoma root rot is caused by the fungus P. apiicola. The black
fruiting bodies (pycnidia) of the fungus are formed in abundance over
the decayed areas of the crown. Spores released from the fruiting
bodies may be carried to healthy plants during washing and packing.
The optimum temperature for growth of the pathogen is within the
approximate range of 61° to 68° F. The maximum temperature for
growth is around 82°.
Although there is often no evidence of disease at harvesttime, the
celery may bear incipient infections that will bring about decay in
transit and storage. Celery from fields in which phoma rot has appeared should be cooled to 32° F. and marketed as promptly as possible.
(See 10,11,107,)

Pithiness (Hollow Stem)
Occurrence, Symptoms, and Effects

Pithiness or "hollow stem" is a nonparasitic disease of celery that
occurs wherever the crop is grown. Affected plants show no signs of
the disorder on the surface, but the petioles readily collapse if pressed.
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Pithiness may be characterized by the central tissues of the leaf stems
being soft and spongy. This is caused by the death of large thinwalled cells in the central area of the petioles. Affected tissues dry out
and become pithy, or the pithy tissues may collapse and result in a
hollow stem (pi. 16, A).
Two types of pithiness are known. Hereditary pithiness affects all
petioles and is present from an early stage of plant development. The
other type of pithiness affects only the outer petioles. Plants affected
by hereditary pithiness are a total loss. Those with only the outer
petioles affected may be trimmed and marketed.
Causal Factors

Genetic pithiness is a dominant factor, and a few affected plants in
the field of celery grown for seed can readily perpetuate that type of
pithiness.
Physiological pithiness seems to follow if plant growth is temporarily arrested or if plants are allowed to become overmature before
harvest or are held for a long period in cold storage.
The actual cause of pithiness is believed to be due to the translocation of carbohydrates from the outer petioles to the crown
petioles. Moisture loss accompanies the loss of carbohydrates and
causes the death of certain of the parenchyma cells in the center of
the affected petioles.
Control Measures

The genetic type of pithiness can be readily controlled because the
normal or nonpithy factor is recessive and pure recessive seed lines
can be easily developed.
The physiological type of pithiness can be controlled by maintaining uniform growing conditions and by harvesting celery before it
becomes overmature. The continued development of physiological
Eithiness in susceptible celery can be further controlled after harvest
y proper refrigeration, to slow senescence of the plant, for a reasonable time during marketing. Prolonged storage at 32° F., however,
should be avoided.
{^QQ 38,^0,69,168,)

Watery Soft Rot
Sc/erof/n/a spp.

Occurrence, Symptoms, and Effects

Watery soft rot of celery, also known as pink rot, attacks most of
the vegetables crops and many other succulent plants. It is destructive
not only in the field, but also in storage and transit.
The organisms are soil borne and may attack seedlings in the seedbed. The disease often appears as a basal crown rot in plants invaded
in later stages of growth.
The symptoms of watery soft rot of celery on the market or in storage are watersoaking and softening of decaying tissues, which are
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generally light-brown with a pinkish-brown border. There is no
characteristic odor. An important diagnostic characteristic in the
advanced stages of decay is the white more or less appressed growth
of the fungus (pi. 13, C). In later stages of decay the resting bodies
or sclerotia of the causal fungus are formed either over the surface
or in cavities within the affected commodity. These are white at
first, then bluish, and finally black.
Causal Factors

Watery soft rot may be caused by Sclerotinia sclerotiorum (Lib.)
DBy., S, intermedia Ramsey or S, minor Jagger, but S. sclerotiorum
is the species generally responsible.
Watery soft rot may be expected to develop in transit or storage in
celery harvested from fields in which the Sclerotinia disease was prevalent, even though the crop appeared to be free of decay at harvesttime.
Wounds are not necessary for the entrance of the pathogen, but fresh
wounds favor immediate infection and may result in an increased
amount of decay. Each of the species of Sclerotinia has a wide temperature range for growth and for production of decay. Infection
may occur at temperatures as low as 32° F. and as high as 82°. The
optimum for infection is between 60° and 70°. Low temperature will
retard the development and spread of decay in transit and storage but
will not completely control it. During long storage periods, severe
losses are frequently noted at temperatures between 32° and 45°.
Control Measures

Celery harvested from fields where the disease is serious should be
cooled quickly and maintained at about 32° F. during marketing. For
field control follow the recommendations of the State agricultural
experiment station or extension service.

FINOCCHIO
Finocchio {Foeniculum ^vulgäre Mill.) frequently, but erroneously,
called "anise" or "sweet anise" on the market is grown and marketed
for the edible bulblike enlargement found at the base of the aboveground portion of the plant. The enlargement is formed by the compact and overlapping arrangement of the thickened leafstalk bases and
appears as a well-branched fairly solid structure.
Few diseases have been reported on finocchio. On the market it has
occasionally been found affected with bacterial soft rot {Ericinia
carotovora (L. E. Jones) Holland) and watery soft rot {Sclerotinia
sclerotiorum (Lib.) DBy.).
Bacterial Soft Rot
(See Celery, Bacterial Soft Eot.)
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Watery Soft Rot
(See Celery, Watery Soft Rot.)

PARSLEY
Fresh parsley consists of the leaves of the parsley plant {Petroselinum Crispum (Mill.) Nym.). The most common types appearing
on the market are the "moss" or the "triple curl," marketed in bunches
and used primarily for garnishing foods, and the rooted or turniprooted parsley, which is marketed as a long thin taproot with leaves
attached. This latter type is used primarily for flavoring.
Diseases of parsley in the field include downy mildew {Plasmopara
nivea (Ung.) Schroet.), root knot (il/^íoírfop^yne spp.),septoriablight
{Septoria petroselini Desm.), leaf blight {Stemphylium sp.), and
watery soft rot {Sclerotinia sclerotionim (Lib.) DBy.). Bacterial
soft rot {Erwinia carotovora (L. R. Jones) Holland) and watery soft
rot are the most serious transit and market disease of parsley. To
keep parsley in a fresh, sound condition it should be cooled quickly
after harvest and maintained at 32° to 40° F. and a relative humidity
of 90 percent.
(SeePö,^P.)

PARSNIP
The parsnip {Pastindca sativa L.), like the carrot, is grown for its
edible, fleshy taproot. The plants are allowed to mature in the field,
and afterwards they are pulled and topped, and the roots usually
stored before they are marketed.
Diseases that affect the foliage in the field include, among others,
Ramularía pastinacae (Karst.) Lindr. & West, downy mildew {Plasmopara nivea (Ung.) Schroet.), Cercospora pastinacae (Sacc.) Pk.,
and powdery mildew {Erysiphe umbiUiferarum (Lin.) DBy.).
Field diseases of parsnip roots include parsnip canker {Itersonilia
perplexans Derx), root rot {Phoma spp.), scab {Streptonuyces scabies
(Thaxt.) Waks. & Henrici), and watery soft rot {Sclerotinia sclerotiorum (Lib.) DBy.). Diseases of importance during transit, storage, and marketing are parsnip canker (/. perplexans) ^ gr^y mold rot
{Botrytis cinérea Pers. ex Fr.), bacterial soft rot {Ericinia carotovora
(L. R. Jones) Holland), bacterial brown rot {Pseudomonas pastinacae
Burkh.), watery soft rot {S, sclerotiorum) ^ and rots caused by Fusarium spp.
(See 19, 57, 58,)

Bacterial Soft Rot
( PI. 12, A.)

See Carrot, Bacterial Soft Rot.

Gray Mold Rot
( PI. 12, D.)

See Carrot, Gray Mold Rot.
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Parsnip Canker
Itersonîlia perplexans Derx

The fungus that causes parsnip canker has been found in a number
of countries on various crops and weeds. It occurs naturally on parsnip, hollyhock, and sunflower. The fungus enters through broken
rootlets into the edible roots or through wounds and injuries caused by
insects. Infection of roots exposed in the field may also take place
by airborne spores.
Greatest losses follow seasons with heavy rainfall. Parsnip canker
may be one of the most destructive diseases of long-stored parsnips.
The lesions, which at first are slightly depressed and rust colored,
later turn black. The affected area may consist of a few small lesions,
which often enlarge until much of the root surface is covered. Infections occasionally are characterized by dark-brown to black ringlike
areas on various portions of the roots (pi. 12, C). The disease has
recently been observed on roots stored in polyethylene bags.
Careful handling and prompt storage at 32° F. are the best methods
of controlling parsnip canker after harvest.
(See 22, 111, 145, 171.)

Root Knot
(PI. 12, B.)

See Carrot, Root Knot.

LITERATURE CITED
(1) ALTSTATT, G. E., and SMITH, H. p.
1942.

PRODUCTION DISEASES AND INSÍX:;TS OF GARLIC IN TEXAS.

TeXRS

Agr. Expt. Sta. Cir. 98,13 pp.
(2) ANDERSON, P. J.
1921.

DEVELOPMENT AND PATHOGENESIS OF THE ONION SMUT FUNGUS.

Mass. Agr. Expt. Sta. Tech. Bui. 4.
(3) ANGELL, H. R.
1929. PURPLE BLOTCH OF ONION. U.S. Dept. Agr. Jour. Agr. Res. 38 :
467-487.
(4) ARK, P. A., and BARRETT, J. T.
1938.

PHYTOPHTHORA ROT OF ASPARAGUS IN CALIFORNIA.

Phytopathology

28: 754-756.
(5) ARK, P. A., and GARDNER, M. W.
1944.

CARROT BACTERIAL BLIGHT AS IT AFFECTS THE ROOTS. Phytopathology 34: 416^20.
(6) ATKIN, J. D., and SHALLENBERGER, R. S.
1959. BITTER CARROTS AND APPLE STORAGES. Farm Res. (N.Y.)
25
(3) : 13.
(7) BAGGETT, J. R., and FRAGILL, W. A.
1957. THE INHERITANCE OF RESISTANCE TO BEAN YELLOW MOSAIC VIRUS IN
PHASEOLUS vuLGARis. Amer. Soc. Hort. Sei. Proc. 70: 325-333.

(8) BAIN, D. C.
1950. STUDIES OF souTHEaiN BEAN MOSAIC IN MISSISSIPPI. Phytopathology 40: 786.
(9) BARDIN, ROY.
1948. CRACK STEM OF CELERY IN SALINAS VALLEY. U.S. Dept. Agr. Plant
Dis. Rptr. 32: 15^16.

MARKET DISEASES OF VEGETABLES

57

(10) FONG, R.
1947.

PHOMA ROOT AND CROWN ROT OF CELERY.
36: 105-106.

(11)

BENNETT, C. W.

(12)

BERGMAN, E. L.

1921.

A PHOMA ROOT ROT OF CELERY.

Calif. Dept. AsT. Bul.

Mich. AgF. Expt. Sta. Tech. Bul. 53.

1960.

CELERY BLACKHEART AND ITS CONTROL IN PENNSYLVANIA. Pa. Agr.
Expt. Sta. Prog. Rpt. 215, 6 pp.
(13) BOEREMA, G. H.
1960. CHALAROPSIS THIELAVIOIDES PEYR. ON CARROTS PREPACKED IN PERFORATED POLYETHYLENE BAGS. Netherl. Plantenz. Dienst. Verslag. Meded. 134:158-161.
(In Dutch with Eng. summary.)
(14) Bos WELL, V. R.
1963. COMMERCIAL GROWING OF CARROTS. U.S. Dept. Agr. Leaflet 353,
( revised ), 8 pp.
(15) BROOKS, CHARLES, and MCCOLLOCH, L. P.
1938. STICKINESS AND SPOTTING OF SHELLED GREEN LIMA BEANS. U.S.
Dept. Agr. Tech. Bul. 625, 24 pp.
(16) BROWN, J. G.
1950. DISEASES OF CARROTS. Añz. Agr. Expt. Sta. Bul. 227, 19 pp.
(17) BURKHOLDER, W. H.
1930. THE BACTERIAL DISEASES OF THE BEAN. A COMPARATIVE STUDY.
N.Y. (Cornell) Agr. Expt. Sta. Mem. 127, 88pp.
(18)
1950. SOUR SKIN A BACTERIAL DISEASE OF ONION BULBS. PhvtopatholOßT

40:115-117.
(19)
1960.

(20)

(21)

A BACTERIAL BROWN ROT OF PARSNIP ROOTS.
50: 280-282.
and SMITH, W. L., JR.
1949. ERWINIA ATROSEPTICA AND ERWINIA CAROTOVORA.
39: 887-897.

PhytOpatholOgV

PhytopatholOffV

CAMPBELL, LEO.

1935.

DOWNY MILDEW OF PEAS CAUSED BY PERONOSPORA PISI (DEB.)
S YD.
Wash. Agr. Expt. Sta. Bul. 318, 42 pp.
(22) CHANNON, A. G.
1963. STUDIES ON PARSNIP CANKER. II. OBSERVATION ON THE OCCURRENCE
OF ITERSONILIA PASTINACAE AND RELATED FUNGI ON THE LEAVES OF
PARSNIPS AND IN THE AIR WITHIN PARSNIP CROPS. Ann. Appl.
Biol. 51: 223-230.
(23) CHIVERS, A. H.
1929. A COMPARATIVE STUDY OF SCLEROTINIA MINOR JAGGER AND SCLEROTINIA INTERMEDIA RAMSEY IN CULTURE. PhytOpatholOgy 19:
301-309.
(24) CHUPP, CHARLES, and SHERF, A. F.
1960. VEGETABLE DISEASES AND THEIR CONTROL. The Ronald Press Co.,
New York, 693 pp.
(25) CLINTON, G. P.
1906. DOWNY MILDEW, PHYTOPHTHORA PHASEOLI THAXT., OF LIMA BEANS.
Conn. (State) Agr. Expt. Sta. Ann. Rpt. 1905:278-303.
(26) COCHRANE, L. C.
1932. A STUDY OF TWO SEPTORIA LEAF SPOTS OF CELERY. PhytOpatholOgy

22: 791-812.
(27)

.
1934.

(28)

THE HOST SPECIFICITY OF SEPTORIA PETROSELINI AND S. APIIGRAVEOLENTis. Phytopathology 24 : 309-310.

COOK, H. T.

1931.

(29) -^
1941.

POWDERY MILDEW OF SNAP BEANS.

Va. Expt. Sta. Bul. 74 : 931-940.

.
LATE BLIGHT OF CELERY IN VIRGINIA.
Rptr. 25: 311-313.

U.S. Dept. Agr. Plant DÍS.

58

AGRICULTURE HANDBOOK NO. 303, U.S. DEPT. OF AGRICULTURE

(30) Cox, R. S., and HYBE, R. A.
1951. DOWNY MILDEW OF LIMA BEAN : OVERWINTERING OF THE CAUSAL
ORGANISM, PHYTOPHTHORA PHA8EOLI THAXT., IN DELAWARE. Peninsular Hort. Soc. Trans. 41: 58-65.
(31) DAVIS, O. N., and HENDERSON, W. J.
1937.

THE INTERRELATION OF THE PATHOGENICITY OF A PHOMA AND A
FUSARiUM OF ONIONS. Phytopathology 27: 763-772.

(32) DRECHSLER, CHARLES.
1952.

BEAN STEM ROT IN MARYLAND AND DELAWARE CAUSED BY SEVERAL

PYTHiUM SPECIES.

U.S. Dept. AgF. Plant Dis. Rptr. 36:13.

(33)
1955.

PRODUCTION OF ZOOSPORES FROM GERMINATING OOSPORES OF PYTHIUM
BUTLERi. Sydowia, Ann. Mycologici Ser. II, 9, Heft 1-6:
451-463.
(34) DYE, D.W.
195S. CONTROL OF SOFT ROT (ERWINIA CAROTOVORA .(JONES) HOLLAND) IN
CARROTS DURING TRANSIT AND IN STORAGE. NeW Zeal. Jour. Sci.
& Technol. Agr. Res. Sec. A. 34 : 465-467.
(35) DYE, H.W., and NEWHALL, A. G.
1924.

THE CONTROL OF BACTERIAL BLIGHT OF CELERY BY SPRAYING AND

DUSTING.
(36) ELLIOT, CHARLOTTE.
1930.

MANUAL

N.Y. (Cornell) Agr. Expt. Sta. Bui. 429.

OF BACTERIAL

PLANT PATHOGENS.

349 pp.

(37) ELLISON, J. H.
1956. ASPARAGUS DiEBACK. Market Growers Jour. 85: 6-7.
(38) EMSWELLER, S. L.
1933. AN HEREDITARY PITHINESS IN CELERY. Amer. Soc. Hort. Sci. Proc.
29:480-485.
(39) EVANS, R. L
1933.

CYTOLOGIC STUDIES ON THE PARASITIC RELATIONSHIP OF UROCYSTIS

CEPULAE TO THE ONION. Amer. Jour. Bot. 20: 255-268.
(40) FOSTER, A. C, and WEBER, G. F.
1924. CELERY DISEASES IN FLORIDA. Fla. Agr. Expt. Sta. Bui. 173, 77 pp.
(41)

J. H., ALDRICH, T. M., and DRAKE, R. M.
ASTER YELLOWS VIRUS IN CELERY. Calif. Agr. 13(4) : 5-14.
(42) FRIEDMAN, B. A., BARGER, W. R., and RADSPINNER, W. A.
FREITAG,

1959.

1954.

THIELAVIOPSIS BASICOLA ON CARROT ROOTS FROM CALIFORNIA.

U.S.

Dept. Agr. Plant Dis. Rptr. 38: 855.
(43)

GABRIELSON, R. L.

1962.

SURVIVAL OF THE CELERY LATE BLIGHT ORGANISM.

Phytopathology

52:361.
(43a)

and GROGAN, R. G.
1964.

THE CELERY LATE BLIGHT ORGANISM SEPTORIA APIICOLA.
ology 54:1251-1257.

Phytopath-

(44) GEORGE, J. A., and RICHARDSON, J. K.
1957. ASTER YELLOWS ON CET^RY IN ONTARIO. Cauad. Jour. Plant Sci.
37:132-135.
(45) GERALDSON, C. M.
1952. STUDIES ON CONTROL OF BLACKHEART OF CELERY. Fla. State Hort.
SOC. Proc., pp. 171-173.
(46)
1956.

EVALUATION OF CONTROL METHODS FOR BLACKHEART OF CELERY AND
BLOSSOM-END ROT OF TOMATOES. Fla. State Hort. Soc. Proc., pp.

236-241.
(47) GiLPATRiCK, J. D., and BUSCH, L. V.
1950. STUDIES OF THE PATHOGENICITY OF DIFFERENT ISOLATES OF ASCOCHYTA Pisi. U.S. Dept. Agr. Plant Dis. Rptr. 34: 383-387.
(48) GoRENZ, A. M., WALKER, J. C, and LARSON, R. H.
1948. MORPHOLOGY AND TAXONOMY OF THE PINK-ROOT FUNGUS. Phytopathology 38: 831-840.

(49)

WALKER,

1949.

J. C, and LARSON, R. H.

FACTORS AFFECTING PATHOGENICITY OF PINK-ROOT FUNGUS OF ONION,

U.S. Dept. Agr. Jour. Agr. Res. 78:1-18.

MARKET DISEASES OF VEGETABLES

59

(50) Goss, R.W.
1940.

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59

(60)

(61)

(62)

(63)

THE RELATION OF TEMPERATURE TO COMMON AND HALO BLIGHT OF
BEANS. Phytopathology 30: 25^264.
GOULD, C.J.
1949. ASCOCHYTA PINODELLA FOOT-ROT OF PEAS IN WESTERN WASHINGTON.
Phytopathology 39: 947-949.
GROGAN, R. G., and KENDRICK, J. B., SR.
1952. CARROT ROOT SCAB A DISEASE COMPLEX.
(ABSTRACT) . PhytOpathology 42: 9-10.
and KIMBLE, K. A.
1959. THE ASSOCIATION OF FUSARIUM WILT WITH THE ASPARAGUS DECLINE
AND REPLANT PROBLEM IN CALIFORNIA. PhytopatholOgy 49:
122-125.
and SNYDER, W.C.
1952. THE OCCURRENCE AND PATHOLOGICAL EFFECTS OF STEMPHYLIUM RADiciNUM ON CARROTS IN CALIFORNIA. Phytopathology 42: 215-218.
and WALKER, J.C.
1948. A POD-DISTORTING STRAIN OF THE YELLOW MOSAIC VIRUS OF BEANS.
U.S. Dept. Agr. Jour. Agr. Res. 77: 301-314.
ZiNK, F. W., and KIMBLE, K. A.
1962. PATHOLOGICAL ANATOMY OF CARROT ROOT SCAB AND SOME FACTORS
AFFECTING ITS INCIDENCE AND SEVERITY. Hilgardia 31: 53-68.
GuBA, E. F.
1961. PARSNIP DISEASES IN MASSACHUSETTS. Mass. Agr. Expt. Sta. Bui.
522.
and YOUNG, R. E.
1961. CAVITY SPOT DISEASE OF CARROT AND PARSNIP ROOTS. U.S. Dept.
Agr. Plant Dis. Rptr. 45: 102-105.
HALL, C. B., and BuRDiNE, H. W.
1958. EVALUATION OF FACTORS DETERMINING CELERY QUALITY. Fla. Agr.
Expt. Sta., Ann. Rpt., pp. 113-281.
HANCOCK, J. G., and LORBEER, J. W.
1963. PATHOGENESIS OF BOTRYTIS CINÉREA, B. SQUAMOSA, AND B. ALLII ON
ONION LEAVES. Phytopathology 53 : 669-673.
HANNA, G. C.
1950. ASPARAGUS PRODUCTION IN CALIFORNIA. Calif. Agr. Expt. Sta. Cir.
91,19 pp.
HARRISON, A. L.
1935. MOSAIC OF THE REFUGEE BEAN. N.Y. State Agr. Expt. sta. Bui. 656,
19 pp.
HARTER, L. L.

1917.

POD BLIGHT OF THE LIMA BEAN CAUSED BY DIAPORTHE PHASEOLORUM.
U.S. Dept. Agr. Jour. Agr. Res. 11: 473-504.
(64)
and WHITNEY, W. A.
1927. A TRANSIT DISEASE OF SNAP BEANS CAUSED BY PYTHIUM APHANIDERMATUM. U.S. Dept. Agr. Jour. Agr. Res. 34: 443-447.
(65) HATFIELD, W. C, WALKER, J. C, and OWEN, J. H.
1948. ANTIBIOTIC SUBSTANCES IN ONION IN RELATION TO DISEASE RESISTANCE. U.S. Dept. Agr. Jour. Agr. Res. 77:115-135.
(66) HEDGES, FLORENCE.
1922. A BACTERIAL WILT OF THE BEAN CAUSED BY BACTERIUM FLACCUMFACiENS, NOV. sp. Science 55: 433^34.
(67) HEUBERGER, J. W., Cox, R. S., and HYRE, R. A.
1950. OUR PRESENT KNOWLEDGE OF THE DOWNY MILDEW DISEASE OF HENDERSON BUSH LIMA BEANS AND ITS CONTROL IN DELAWARE. PeulUsula Hort. Soc. Trans. 40: 44-^9.
(68) HOUSTON, H. R., and KENDRICK, J. B.
1949. A CRATER SPOT OF CELERY PETIOLES CAUSED BY RHIZOCTONIA SOLANI.
Phytopathology 39: 470-474.
(69) HUNGERFORD, C. W., and DEAN, L.
1954. IDAHO BOUNTIFUL AND GOLDEN SNAP BEANS RESISTANT TO MOSAIC
AND CURLY TOP. Idaho Agr. Expt. Sta. Bui. 217, 7 pp.
(70) HYRE, R. A., and Cox, R. S.
1953. FACTORS AFFECTING VIABILITY AND GROWTH OF PHYTOPHTHORA PHASEOLL Phytopathology 43 : 419-^25.

60
(71)

AGRICULTURE HANDBOOK NO. 303, U.S. DEPT. OF AGRICULTURE
JAGGER,

1920.

I. C.

SCLEROTINIA MINOR N. SP. ; THE CAUSE OF A DECAY OF LETTUCE, CELERY, AND OTHER CROPS. U.S. Dept. Agr. Jour. Agr. Res.
20: 331-334.

(72)
1921.

(73)

(74)
(75)

(76)

BACTERIAL LEAF SPOT DISEASE OF CEI^RY. U.S. Dept. Agr. JOUF.
Agr. Res. 21:185-188.
JOHNSON, J. C.
1956. POD TWIST : A PREVIOUSLY UNRECORDED BACTERIAL DISEASE OF FRENCH
BEAN (PHASEOLus vuLGARis 1). Queensland Jour. Agr. Sei.
13:127-158.
JONES, F. R., and VAUGHN, R. E.
1921. ANTHRACNOSE OF THE GARDEN PEA. Phytopathology 11: 500-503.
JONES, H. A., WALKER, J. C, LITTLE, T. M., and LARSON, R. H.
1946. RELATION OP COLOR INHIBITING FACTOR IN RELATION TO SMUDGE RESISTANCE IN ONION.
U.S. Dept. Agr. Jour. Agr. Res. 72: 259-264.
JONES, L.K.
1927. STUDIES OF THE NATURE AND CONTROL OF BLIGHT, LEAF AND POD SPOT,
AND FOOT-ROT OF PEAS CAUSED BY SPECIES OF ASCOCHYTA.

N.Y.

Agr. Expt. Sta. Bui. 547, 46 pp.
(77)

(78)
(79)

(80)

(81)

(82)

(83)
(84)

JONES, L. R.
1901.
A SOFT ROT OF VEGETABLES CAUSED BY BACILLUS CAROTOVORUS JONES.

Vt. Agr. Expt. sta. Ann. Rpt. (1899-1900) 13 : 299-332.
J., and CEPONIS, M. J.
1962. EXTENDED SHELF LIFE FOR GREEN LIMA BEANS. Prod. Mktg. 5 I 32-33.
KENDRICK, J. B., and STEVENSON, E. E.
1949. THE OCCURRENCE OF ONION SMUT IN CALIFORNIA. U.S. Dept. Agr.
Plant Dis. Rptr. 33: 451-452.
WEDDING, R. T., MIDDLETON, J. T., and HALL, J. B.
1954. SOME FACTORS AFFECTING DEVELOPMENT AND CONTROL OF ADAXIAL
CRACK STEM OF CELERY. Phytopathology 44:145-147.
KLOTZ, L. J.
1923. A STUDY OF THE EARLY BLIGHT FUNGUS CERCOSPORA APII FRES.
Mich. Agr. Expt. Sta. Tech. Bui. 63.
KNOTT, J.E.
1953. THE PROBLEM OF "BROWN CHECKING" OF CELERY. Intematl. Hort.
Congr. Rpt. 13: 40^-412.
KROUT,W. S.
1919. DISEASES OF CELERY. N.Y. Agr. Expt. sta. Cir. 112,12 pp.
LAURITZEN, J. I.
1926. THE RELATION OF BLACK ROT TO THE STORAGE OF CARROTS. U.S.
Dept. Agr. Jour. Agr. Res. 33:1025-1041.
KAUFMAN,

(85)
1953.

DEVELOPMENT OF CERTAIN STORAGE AND TRANSIT DISEASES OF CARROT.
U.S. Dept. Agr. Jour. Agr. Res. 44: 861-912.
(86)
HARTER, L. L., and WHITNEY, W. A.
1933. ENVIRONMENTAL FACTORS IN RELATION TO SNAP BEAN DISEASES OCCURRING IN SHIPMENT. Phytopathology 23: 411-445.
(87) LEACH, J.G.
1927. THE RELATION OF INSECTS AND VS^EATHER TO THE DEVELOPMENT OF
HEART ROT OF CELERY. Phytopathology 17: 663-667.
(88) LEWIS, G.D.
1957. WHITE ROT OF ONION IN NEW YORK. U.S. Dept. Agr. Plant Dis.
Rptr. 41: 814.
(89)
1959. EFFECTS OF TEMPERATURE AND CROP ROTATION ON THE OCCURRENCE OF
BROWN SPOT OF CELERY IN SOUTHERN NEW YORK. U.S. Dept.
Agr. Plant Dis. Rptr. 43:1079-1080.
(90)
1961. STEMPHYLiuM LEAF SPOT OF PARSLEY.
(ABSTRACT). Phytopathology 52:925.
(91) LEvns, W. E.
1958. REFRIGERATION AND HANDLING OF TWO VEGETABLES AT RETAIL GREEN
SNAP BEANS AND SOUTHERN YELLOW SUMMER SQUASHES. U.S. Dept.
Agr. Mktg. Res. Rpt. 276, 6 pp.

MARKET DISEASES OF VEGETABLES
(92)

and BAILEY, A. A.
FUSAEIA CAUSING BULB KOT OF ONIONS.
Agr. Res. 33 : 92^952.
M. B.

LINK, G. K. K.,

1926.
(93)

61

LINN,

1939.

U.S. Dept. AgF. JOUr.

DISSEMINATION OF CELERY BLIGHT PATHOGENS ON THE CLOTHING OF

FARM LABORERS. Phytopathology 29: 553-554.
(94) LiPTON, W. J.
1959. EFFECT OF TEMPERATURE ON ASPARAGUS QUALITY. Conf. Transport.
Perishables, Davis, Calif. Proc. (1958) : 147-151.
(95) LUTZ, J. M.
1936. THE INFLUENCE OF RATE OF THAWING ON FREEZING INJURY OF
APPLES, POTATOES, AND ONIONS. Amer. Soc. Hort. Sei. Proc.
(1935) 33:227-233.
(96) MACHACEK, J. E.
1929.

THE BLACK MOULD OF ONIONS

CAUSED BY ASPERGILLUS

NIGER V.

Phytopathology 19: 733-739.
(97) MANN, L. K., and LITTLE, T. M.
1957. GROWING GARLIC IN CALIFORNIA. Calif. Univ. Dept. Veg. Crops
Series No. 89,10 pp.
(98) MARLATT, R. B.
1958. ONION FusARiuM BASAL ROT IN ARIZONA. U.S. Dept. Agr. Plant
Dis. Rptr. 42 : 667-668.
(99) MCCLINTOCK, J. A.
TIEGH.

1916.

A DISEASE OF COLDFRAME PARSLEY CAUSED BY SCLEROTINIA LIBER-

TiANA.
(100)

Va. Truck Expt. Sta. Bui. 18: 379-384.
and EDDY, E. D.

MEIER, F. C, DRECHSLER, C,

1922.

BLACK ROT OF CARROTS CAUSED BY ALTERNARÍA RADICINA, N.

SP.

Phytopathology 12:157-166.
(101) MiDDLETON, J. T., HALL, B. J., WEDDING, R. T., and KENDRICK, J. B.
1952. ADAXIAL CRACK STEM OF CELERY. Phytopathology 42: 603-606.
(102) MILLER, P. R., and O'BRIEN, MURIEL.
1952. PLANT DISEASE FORECASTING. Bot. Rev. 18: 547-601.
(103) MOORE, W.D.
1936.

POWDERY MILDEW (ERYSIPHE POLYGONI) ON GARDEN AND SNAP BEANS.

Phytopathology 26: 1135-1144.
(104) MUKULA, J.
1957. ON THE DECAY OF STORED CARROTS IN FINLAND. Acta Agr. Scaud.
Suppl. 2,132 pp.
(105) MuNN, M. T.
1917. NECK ROT DISEASE OF ONIONS. N.Y. Agr. Expt. Sta. Bui. 437.
(106) NELSON, R.
1950. CONTROL OF CELERY EARL"^ BLIGHT IN 1948 AND 1949. Mich. Agr.
Expt. Sta. Quart. Bui. 32 : 562-574.
(107) NEWHALL,A. G.
1932. ROOT AND STORAGE ROT OF CELERY CAUSED BY PHOMA APIICOLA.
Phytopathology 22: 21.
(108)
1951. NEW METHODS OF CONTROLLING ONION SMUT. Phytopathology

41: 28.
(109)
1953.

FACTORS AFFEX:¡TING THE KEEPING QUALITY OF CARROTS IN COLD STORAGE. Indus. Ref rig. 125: 30-32.
(110) OGILVIE, L., and HICKMAN, C. J.
1938. PROGRESS REPORT ON VEGETABLE DISEASES IX. Agr. Hort. Res. Sta.
Bristol, Rpt. 1937 : 96-109.
(111) OLIVE, L. S.
1952.

STUDIES ON THE MORPHOLOGY AND CYTOLOGY OF ITERSONILIA PER-

PLEXANS. Torrey Bot. Club. Bui. 79:126-138.
(112) Ou, S. H., and WALKER, J. C.
1945. ANTHRACNOSE OF GARDEN PEA. Phytopathology 35 : 565-570.
(113) PALO, M.A.
1928.

A FUSARIUM CAUSING BULB ROT OF ONION IN THE PHILIPPINES.

Philippine Agr. 17: 301-316.

62
(114)

AGRICULTURE HANDBOOK NO. 303, U.S. DEPT. OF AGRICULTURE

1936.
(115)

and others.
PRECOOLING AND SHIPPING CALIFORNIA ASPARAGUS.
Expt. Sta. Bui. 600, 45 pp.
B. A., and JONES, H. A.

PENTZER, W. T., PERRY, R. L., HANNA, G. C,

PERRY,

1955.

PERFORMANCE
ONIONS IN

Calif. Agr.

OF SHORT-DAY PINK-ROOT RESISTANT, VARIETIES OF
SOUTHERN TEXAS.
Amer. SOK?. Hort. Sei. Proc.

66:350-353.
(116) PooLE, R. F.
1922. THE SCLEROTINIA ROT OF CELERY. N.J. Agr. Expt. Sta. Bul. 359,
27 pp.
(117) PRICE, W.C.
1935. CLASSIFICATION OF SOUTHERN CELERY-MOSAIC VIRUS.
Phytopathology 25: 947-953.
(118) PURVIS, E. R., and RUPRECHT, R. W.
1937. CRACKED STEM OF CELERY. Fla. Agr. Expt. Sta. Bul. 307, 16 pp.
(119) RADER, W. E.
1948. RHIZOCTONIA CAROTAE N. SP. AND GLIOCLADIUM AUREUM N. SP., TWO
NEW ROOT PATHOGENS OF CARROTS IN COLD STORAGE. Phytopathology 38:440-^52.

(120)
1952.
(121)

RAMSEY,

1925.

DISEASES OF STORED CARROTS IN NEW YORK STATE. New York (Cornell) Agr. Expt. sta. Bul. 889, 64 pp.
G.B.
SCLEROTINIA SPECIES CAUSING DECAY OF VEGETABLES UNDER TRANSIT
AND MARKET CONDITIONS. U.S. Dept. Agr. JouT. Agr. Res.

31:597-632.
(122)
1930.

(123)

(124)
(125)

(126)

(127)

(128)

BLEMISHES AND DIS COLORATION S OF MARKET ONIONS. U.S. Dept.
Agr. Cir. 135, 4 pp.
and BUTLER, L. F.
1928. INJURY TO ONIONS AND FRUITS CAUSED BY EXPOSURE TO AMMONIA.
U.S. Dept. Agr. Jour. Agr. Res. 37: 339-348.
HEIBERG, B. C, and WIANT, J. S.
1946. DiPLODiA ROT OF ONIONS. Phytopathology 36 : 245-251.
and SMITH, M. A.
1949. THE OCCURRENCE OF RHIZOCTONIA CRATER ROT IN ILLINOIS-GROWN
CARROTS. U.S. Dept. Agr. Plant Dis. Rptr. 33: 248-249.
REDIT, W. H., and HAMER, A. A.
1961. PROTECTION OF RAIL SHIPMENT OF FRUITS AND VEGETABLES. U.S.
Dept. Agr. Handb. 195,108 pp., illus.
RICH, A. E.
1955. DIE-BACK OF ASPARAGUS ASSOCIATED WITH BOTRYTIS CINÉREA IN NEW
HAMPSHIRE. U.S. Dept. Agr. Plant Dis. Rptr. 39: 305-306.
RICH, SAUL.

1958.
(129)

BROWN SPOT OF CELERY IN CONNECTICUT.
Dis. Rptr. 42:1091.

U.S. Dept. Agr. Plant

RICHARDSON, J. K.
1938.

STUDIES ON BLACKHEART, SOFT-ROT, AND TARNISHED PLANT BUG IN-

JURY OF CELERY. Cauad. Jour. Res. 16:182-193.
(130) RiEMAN, G.H.
1931. GENETIC FACTORS FOR PIGMENTATION IN THE ONION AND THEIR RELATION TO DISEASE RESISTANCE. U.S. Dept. Agr. Jour. Agr. Res.

42: 251-278.
(131) RosBURG, D. W., and JOHNSON, H. B.
1959. ARTIFICIAL CURING OF TEXAS ONIONS. Texas Agr. Expt. sta.
Misc. Pub. 395, 7 pp.
(132) SCHROEDER, W. T.
1951. AN UNUSUALLY HEAVY DEVELOPMENT OF PEA ENATION MOSAIC ON
218 LINES OF PEAS IN THE FIELD. U.S. Dept. Agr. Plant Dis.
Rptr. 35:15&-160.
(133) SEGALL, RALPH.
1951.

BROWN SPOT DISEASE OF CELERY FOUND IN NEW YORK.

Agr. Plant Dis. Rptr. 35 :164.

U.S. DEPT.

MARKET DISEASES OF VEGETABLES
(134)

63

H. H. P.
SYMPTOMS OF CUCUMBER MOSAIC AND TOBACCO RINGSPOT VIRUSES ON
CEI.ERY. Hilgardia 20 (14) : 267-277.
and FREITAG, J. H.
1938. WESTERN CELERY MOSAIC. Hilgardia 11 (9) : 445-558.
and FREITAG, J. H.
1939. ADDITIONAL CELERY VIRUSES. Phvtopathologv 29 I 824.
SIMONS, J.N.
1959. VIRUS DISEASES AFFECTING VEGETABLES IN SOUTH FLORIDA. Fla
State Hort. Soc. Proc. 71: 31-34.
SKILES, R. L.
1953. PURPLE AND BROWN BLOTCH OF ONION. Phytopathology 43 : 409-412
SMITH, H. P., ALTSTATT, G. E., and BYROM, M. H.
1944. HARVESTING AND CURING OF GARLIC TO PREVENT DECAY. TexaS AgF
Sta. Bui. 651, 28 pp.
SMITH, M. A., and RAMSEY, G. B.
1951. BROWN SPOT DISEASE OF CELERY. Bot. Gaz. 112: 393-400
SMITH, W. L., JR.
1950. PATHOGENIC DIFFERENCES MANIFESTED BY ERWINIA ATROSEPTICA
AND ERWINIA CAROTOVORA. Phytopathology 40: 1011-1017.
SNYDER, W. C.
1934. PERONOSPORA VICIAE AND INTERNAL PROLIFERATION IN PEA PODS.
Phytopathology 24: 135^1365.
SEVERIN,

1950.

(135)
(136)
(137)

(138)
(139)

(140)
(141)

(142)

(143)
1934.
(144)

(145)

A

LEAF, STEM AND POD SPOT OF PEA CAUSED BY A SPECIES OF CLADO-

SPORiuM. Phytopathology 24 : 890-905.
and RICH, SAUL.
1942. MOSAIC OF CELERY CAUSED BY THE VIRUS OF
topathology 32: 537-539.

ALFALFA MOSAIC.

Phy-

SOWELL, GROVER, JR.

1954.

(146)

(147)
(148)
(149)
(150)

A BIOLOGICAL STUDY OF ITERSONILIA PERPLEXANS, THE CAUSE OF
PARSNIP LEAF-SPOT AND CANKER. Ph.D. Thesis, Plant Path.
Dept. Cornell Univ. 94 pp.
TANRIKUT, S., and VAUGHAN, E. K.
1951. STUDIES ON THE PHYSIOLOGY OF scLEROTiNiA scLEROTioRUM. Phytopathology 41:1099-1103.
TAUBENHAUS, J. J., and EZEKIEL, W. N.
1934. ALKALI SCORCH OF BERMUDA ONIONS. Amer. Jour. Bot. 21: 69--71.
THOMPSON, R. C, DOOLITTLE, S. P., DANIELSON, L. L., and MASON, H. C.
1958. ASPARAGUS CULTURE. U.S. Dept. Agr. Farmer's Bui. 1646, 22 DD
TIMS. E.G.
1948. WHITE ROT OF SHALLOT. Phytopathology 38: 378-3^.
TOWNSEND, G. R.
1942. SPRAYING AND DUSTING FOR THE CONTROL OF EARLY BLIGHT IN THE
EVERGLADES. Fla. Agr. Expt. Sta. Bui. 366.

(151)
1947.

CELERY MOSAIC IN THE EVERGLADES. U.S. Dept. Agr. Plant Dis
Rptr. 31: 118-119.
(152) TRUSCOTT, J. H. L.
1955. BITTER FLAVOUR IN STORED CARROTS. Ontario Hort. Expt. sta
Rpt. 1953-1954:108-109.
(153) U.S. AGRICULTURAL RESEARCH SERVICE.
1960. INDEX OF PLANT DISEASES IN THE UNITED STATES. U.S. Dept ACT
Handb. 165, 531 pp.
(154) WALKER, J.C.
1921. ONION SMUDGE. U.S. Dept. Agr. Jour. Agr. Res. 20: 685-721.
(155)
1924. WHITE ROT OF ALLIUM IN EUROPE AND AMERICA. PhytOpatholOffV

14: 315-322.
(156)
1925.

TWO UNDESCRIBED SPECIES OF BOTRYTIS ASSOCIATED WITH NECK-ROT
DISEASES OF ONION BULBS. Phytopathology 15: 708-713.

1925.

CONTROL OF MYCELIAL NECK ROT OF ONION BY ARTIFICIAL CURING.
U.S. Dept. Agr. Jour. Agr. Res. 30: 365-373.

(157)

64
(158)

AGRICULTURE HANDBOOK NO. 303, U.S. DEPT. OF AGRICULTURE
WALKER, J. C.

1926.

BOTRYTis NECK ROT OF ONIONS.
33: 893-928.

U.S. Dept. AgT. JouF. AgT. Res.

1928.

A FUSARIUM BULB ROT OF ONION AND THE RELATION OF ENVIRONMENT

(159)
TO ITS DEVELOPMENT.

U.S. Dept. AgT. JouF. AgT. Res. 28: 683-

69a.
(160)

and LARSON, R. H.
1961. ONION DISEASES AND THEIR CONTROL. U.S. Dept. AgT. Handb.
208, 27 pp.
( 161 )
and LINDEGREN, C. C.
1924. FURTHER STUDIES ON THE RELATION OF ONION SCALE PIGMENTATION
TO DISEASE RESISTANCE. U.S. Dept. AgT. JOUF. AgF. Res. 29*.
507-514.
(162)
and MURPHY, A.
1934. ONION BULB DECAY CAUSED BY ASPERGiLLUs ALLiACEUS. Phytopathology 24:289-291.
(163) WELLMAN, F. L.
1932. AN UNUSUAL OUTBREAK OF CELERY EARLY BLIGHT. U.S. Dept. Agr.
Plant Dis. Rptr. 16: 43-45.
(164)
1934. IDENTIFICATION OF CELERY VIRUS 1, THE CAUSE OF SOUTHERN CELERY
MOSAIC. Phytopathology 24 : 695-725.
(165) WHITAKER, T. W., MACGILLIVRAY, J. H., MIDDLETONE, J. T., and LANGE,
W.H.
1946. CARROT PRODUCTION IN THE WEST AND SOUTHWEST. U.S. Dept. AgF.
CiF. 750, 32 pp.
(166) WHITEMAN, T. M.
1957. FREEZING POINTS OF FRUITS, VEXJETTABLES, AND FLORIST STOCKS. U.S.
Dept. AgF. Mktg. Res. Rpt. 196, 32 pp., illus.
(167) WHITE-STEVENS, R. H.
1937.

SOME CELLULAR CHANGES IN CELERY DURING FREEZING AND FROST
HARDENING. AmeF. Soc. HoFt. Sci. PFOC. (1936) 34:570-576.

1937.

CARBOHYDRATE AND CELLLTLAR CHANGES

(168)
IN RELATION TO PITHINESS
OF CELERY IN COLD STORAGE. AmeF. Soc. HoFt. Sci. PFOC. 35:
649-653.
(169) WHITNEY,N.J.
1954. INVESTIGATIONS OF RHIZOCTONIA CROCORUM (PERS.) DC. IN RELATION
TO VIOLET ROOT ROT OF CARROT. Canad. JouF. Bot. 32: 679-704.
(170) WiANT, J. S., and BRATLEY, C. O.
1938. DISEASES OF FRUITS AND VEGETABLES ON THE NEW YORK MARKET DURING JANUARY, FEBRUARY, MARCH, AND APRIL 1938. U.S. Dept.
AgF. Plant Dis. RptF. 22:190-193.
(171) WILKINSON, R. E.
1952. PARSNIP CANKER IS CAUSED BY ITERSONILIA SP. (ABSTRACT). Phytopathology 42: 23.
(172) WILSON, J.D.
1944. THE CONTROL OF CELERY BLIGHT WITH BORDEAUX, THE FIXED COPPERS
WITH AND WITHOUT SULFUR AND FERMATE. Ohio AgF. Expt. S ta.
Bimo. Bul. 29: 95-109.
(173) WiNGARD, S.A.
1922. YEAST-SPOT OF LIMA BEAN. Phytopathology 12: 525-532.

(174)

^
1925.

STUDIES ON THE PATHOGENICITY, MORPHOLOGY, AND CYTOLOGY OF
NEMATOSPORA PHASEOLi. ToFFey Bot. Club Bul. 52: 249-290.
(175) WRIGHT, R.C.
1927. SOME EFFECTS OF FREEZING ON ONIONS. U.S. Dept. AgF. CÍF. 415,
8 pp.
(176
LAURITZEN, J. I., and WHITEMAN, T. M.
1935. INFLUENCE OF STORAGE TEMPERATURE AND HUMIDITY ON KEEPING
QUALITIES OF ONIONS AND ONION SETS. U.S. Dept. AgT. Tech.
Bul. 475, 38 pp.

MARKET DISEASES OF VEGETABLES
(177)

65

and WHITEMAN, T. M.
THE COMMERCIAL STORAGE OF FRUITS, VEGETABLES, AND FLORIST AND
NURSERY STOCKS. U.S. Dept. AgF. Handb. 66, 77 pp.
(178) WRIGHT, W. R., SMITH, M.A., and BERAHA, L.
1964. SOUR ROT OF CARROTS. U.S. Dept. Agr. Plant ÍDis. Rptr. 44:,
837-838.
(179) YAMAGUCHI, M., HOWARD., F. D., and MINGES, P. A.
1958. BROWN CHECKING OF CELERY, A SYMPTOM OF BORON DEFICIENCY,
ROSE, D. H.,

1954.

PART III, EFFECTS OF POTASSIUM, NITROGEN, AND BORON IN CULTURE SOLUTIONS OF THE PHYSIOLOGICAL DISORDER AND NUTRIENT

UPTAKE. Amer. Soc. Hort. Sei. Proc. 71: 455-467.
and MINGES, P. A.
1956. BROWN CHECKING OF CELERY, A SYMPTOM OF BORON DEFICIENCY.
PART I, FIELD OBSERVATIONS, VARIETY SUSCEPTIBILITY, AND CHEMICAL ANALYSIS. Amer. Soc. Hort. Sei. Proc. 68: 318^28.
(181)
and WELCH, J. E.
1955. VARIETAL SUSCEPTIBILITY OF CELERY TO ASTER YELLOWS. U.S. Dept.
Agr. Plant Dis. Rptr. 39: 36.
(182) YARWOOD, C. E.
1926. THE TOLERANCE OF ERYSIPHE POLYGONI AND CERTAIN OTHER POWDERY
MILDEWS TO LOW HUMIDITY. Phytopathology 26: 845-859.
(183) ZAUMEYER, W. J.
1930. THE BACTERIAL BLIGHT OF BEANS CAUSED BY BACTERIUM PKASEOLI.
U.S. Dept. Agr. Tech. Bui. 186, 36 pp.
(184)
1962. PEA DISEASES. U.S. Dept. Agr. Handb. 228, 30 pp.
(185)
and GOTH, R.W.
1962. A NEW STRAIN OF COMMON BEAN MOSAIC VIRUS. PhytopatholOgy
52:758.
(186)
and HARTER, L. L.
1943. TWO NEW VIRUS DISEASES OF BEANS. U.S. Dept. Agr. Jour. Agr.
Res. 67: 305-328.
(187)
and THOMAS, H. R.
1948. POD MOTTI^, A VIRUS DISEASE OF BEANS. U.S. Dept Agr. Jour. Agr.
Res. 77: 81-96.
(188)
and THOMAS, H. R.
1949. SHINY POD (GREASY POD) VIRUS AND ITS IDENTITY WITH THE BLACK
ROOT VIRUS. Phytopathology 38: 29.
(189)
and THOMAS, H. R.
1957. A MONOGRAPHIC STUDY OF BEAN DISEASES AND METHODS FOR THEIR
CONTROL. U.S. Dept. Agr. Tech. Bui. 868, 255 pp.
(180)

PLATE

1.—Asparagus diseases : A, Bacterial soft rot ; B, f usarium rot ; C,
phytophthora rot ; D, gray mold rot.

PLATE

2.—Onion disease: A and B, Gray mold rot (Botrytis allii type) : C and
D, .smudge ; E, bacterial soft rot ; F, puriile blotch ; G, smut.
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PLATE

3.—Onion diseases : A, White rot ; B, blaclc mold rot ; C, diplodia stain.

PLATE

4.—Onion gray mold rot: A ami B, liotrytiH allii type; C, Botrytis
byssoidea type; D, Botrytis squamosa tyi)e.

5.—Onion diseases : A, Ammonia injury ; B, sour skin ; E, translucent
scales. Garlic diseases : C and D, Waxy breakdown ; F, blue mold rot ; G,
black mold rot.

PLATE

I*i,ATE G.—Bean diseases : A, Anthraenose ; B, bacterial blight ; C, soil rot ; D,
gray mold rot ; E and F, watery soft rot ; G, cottony leak.

PLATE

7.—Bean diseases : A, A strain of common bean mosaic ; B, southern bean'
mosaic; C and D, pod mottle: E, russeting.

I'i,ATE 8.—Lima bean diseasus : A, Downy mildew; B, halo blight; C, bacterial
spot; K, soil rot. I'ea diseases: I). Gray mold rot; F, bacterial blight.
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PLATE

9.—Lima bean diseases. A and B, Pod blight ; C, seed spotting ; D, yeast
spot. Pea diseases: E, Pod spot; F, anthracnose; G, scab.

I'r.ATE 10.—Carrot diseases : A and B, Haoterial soft rot ; C and I), black rot ;
E and F, scab spot complex ; G, typical gray niold rot ; II, advanced stage of
gray mold rot showing surface mold and black sclerotia.

PLATE

11.—Carrot disea-ses: A and B, Black mold; C, rhizopus soft rot; D, crater
rot ; E, watery soft rot.

PLATE

12.—Parsnip diseases : A, Bacterial soft rot ; B, root knot ; C, parsnip
canlcer : I), gray mold rot.

PLATE

13.—Celery diseases : A, Bacterial soft rot ; B, gray mold rot ; C, watery
. soft rot.

B

PLATE

14.—Celery diseases: A and B, Late blight; C and P, brown spot; E and
F, crater spot.

PLATE

15.—Celery diseases : A, Black heart ; B, cracked stem ; C, southern-celery
mosaic ; D, aster yellows.

PLATE

16.—Celery diseases : A, Pithiness ; B, early blight on foliage ; C and D,
pencil stripe.

PLATE

17.—Onion diseases : A and H, Bacterial soft rot. Celery diseases : C,
Southern-celery mosaic : I), cracked stem.

