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Preface

This handbook is an extensive revision of and
supersedes Miscellaneous Publication No. 228,
Market Diseases of Fruits and Vegetables:
Peaches, Plums, Cherries, and Other Stone Fruits,
by Dean H. Rose, D. F. Fisher, Charles Brooks,
and C. O. Bratley. This handbook is one of a series
designed to aid in the recognition and identifica-
tion of market diseases, to provide information on
factors causing the diseases, and to present control
measures for reducing the economic losses caused
by these diseases during marketing.

The handbook is designed for use by market in-
spectors, research workers, shippers, receivers,
carriers, and others concerned with maintaining
the quality of fresh foods during marketing.

Other publications in this series are:

Agriculture Handbooks
Market Diseases of Tomatoes, Peppers, and Eggplants.
June 1952. (Revised February 1968.)

Market Diseases of Beets, Chicory, Endive, Escarole, Globe
Artichokes, Lettuce, Rhubarb, Spinach, and Sweetpotatoes.
April 1959. (Reprinted May 1967.)

Market Diseases of Cabbage, Cauliflower, Turnips, Cucum-
bers, Melons, and Related Crops. September 1961.

Market Diseases of Grapes and Other Small Fruits. Novem-
ber 1960. (Reprinted April 1966.)

Market Diseases of Asparagus, Onions, Beans, Peas, Carrots,
Celery, and Related Vegetables. September 1966.

Market Diseases of Apples, Pears, and Quinces. May 1971.

Market Diseases of Citrus and Other Subtropical Fruits.
(In press.)
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PRECAUTIONS

Pesticides used improperly can be injurious to
man, animals, and plants. Follow the directions
and heed all precautions on the labels.

Store pesticides in original containers under
lock and key—out of the reach of children and
animals—and away from food and feed.

Apply pesticides so that they do not endanger
humans, livestock, crops, beneficial insects, fish,
and wildlife. Do not apply pesticides when there
is danger of drift, when honey bees or other polli-
nating insects are visiting plants, or in ways that
may contaminate water or leave illegal residues.

Avoid prolonged inhalation of pesticide sprays
or dusts; wear protective clothing and equipment
if specified on the container.

If your hands become contaminated with a pesti-
cide, do not eat or drink until you have washed.
In case a pesticide is swallowed or gets in the
eyes, follow the first aid treatment given on the
label, and get prompt medical attention. If a
pesticide is spilled on your skin or clothing, re-
move clothing immediately and wash skin thor-
oughly.

Do not clean spray equipment or dump excess
spray material near ponds, streams, or wells.
Because it is difficult to remove all traces of herbi-
cides from equipment, do not use the same equip-
ment for insecticides or fungicides that you use
for herbicides.

Dispose of empty pesticide containers promptly.
Have them buried at a sanitary land-fill dump, or
crush and bury them in a level, isolated place.

NOTE: Some States have restrictions on the
use of certain pesticides. Check your State and
local regulations. Also, because registrations of
pesticides are under constant review by the U.S.
Department of Agriculture, consult your county
agricultural agent or State Extension specialist
to be sure the intended use is still registered.
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MARKET DISEASES
OF STONE FRUITS

Cherries, Peaches, Nectarines,
Apricots, and Plums

By JouN M. HARVEY, WILSON L. SMITH, JR., and JACOB KAUFMAN, research
plant pathologists, Market Quality Research Division,
Agricultural Research Service

INTRODUCTION

The market diseases of cherries (Prunus avium L.), peaches
(P. persica (L.) Batsch), nectarines (P. persica (L.) Batsch var.
nectarina (Ait.) Maxim.), apricots (P. armeniaca L.), plums (P.
salicina Lindl.), and prunes (P. domestica L.) are discussed in this
publication. The diseases are divided into two groups, the para-
sitic diseases and the nonparasitic diseases or disorders. Para-
sitic diseases are those caused by pathogenic organisms (fungi
and bacteria) and viruses. Nonparasitic diseases are those
caused by physical forces (bruising or freezing), physiological ef-
fects (internal breakdowns or shriveling), other nonpathogenic
factors, and by insects.

The parasitic diseases are further separated on the basis of host
fruit—diseases of cherries, diseases of peaches, nectarines, and
apricots, and diseases of plums (and prunes). Diseases of each
of these fruits, or groups of fruit, are arranged by causal factor.
Frequently a particular organism will cause disease in more than
one host. In such cases, the symptoms of the disease are given
for each host, but details about the causal organism and control
are given only for the host on which the disease is most common
or of greatest economic importance. Cross-references are pro-
vided, which enable the reader to obtain additional information
about the cause and control of the disease.

In this handbook, nonparasitic diseases are separated into three
groups—diseases that are orchard and weather related, those that
are storage related, and those that are transit and handling re-
lated. The causes of nonparasitic disorders cannot always be
clearly defined, so that these disorders are arranged primarily on
the basis of symptom expression (cracking, russeting, shriveling).

1
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Fach disease is considered in respect to its geographical distri-
bution, where it occurs in marketing channels, its economic im-
portance, varietal susceptibility or resistance, external and in-
ternal symptom expression, causal factors, temperature relations,
and control measures. For parasitic diseases, consideration also
is given to the mode of infection, where and when it takes place,
predisposing factors to infection, dissemination of the disease, and
how it may be related to other disorders (bruising).

Control of market diseases or prevention of disorders is con-
sidered primarily in relation to postharvest handling, storing,
and shipping practices. Orchard treatments vary with the local-
ity, and instruction on such control measures should be obtained
from farm advisors or county agents serving the pertinent pro-
duction area. Available information is given on control or reduc-
tion of disease losses by proper refrigeration practices, controlled
atmospheres, fungicide treatments, heat treatments, or packaging.

Injurious insects sometimes cause disorders of stone fruits that
resemble certain parasitic diseases or orchard-related nonparasitic
disorders. Insect injuries that may be confused with these mar-
ket diseases are described; injuries that obviously are the direct
result of boring or chewing insects are not included in this hand-
book.

PARASITIC DISEASES OF STONE FRUITS

Cherries
Alternaria Rot

Alternaria sp.
Occurrence and symptoms

Alternaria rot is a common market disease of the principal
varieties of sweet cherries grown in California and the Northwest
and of sour cherries grown in Michigan.

Alternaria rot of cherries is dark brown to black, firm, and
slightly moist. The affected area appears as a spot on the surface
of the fruit and may be covered with olive-green spores and white
strands of mold. The rotted tissue beneath the spot is cone
shaped, with the apex of the cone extended toward the pit. The
cone separates readily from the surrounding tissue and can be
lifted out.

The symptoms of alternaria rot are similar to those of clado-
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sporium rot, but in the former the surface mold is darker, the
decayed tissue more moist and dark, and the enlargement of the
lesions more rapid (pl. 1, 4).

Causal factors

The fungus, Alternaria, is widespread in nature, growing on
dead leaves, twigs, and other material in the orchard. The spores
are windborne and on germination, the fungus enters the cherry
through breaks in the skin caused by cracking in the orchard or
wounding during picking and packing.

Most species of Alternaria causing fruit rot grow best at about
77° F. and grow very slowly at 32° F,

Control measures

Since the fungus is less active at low than at moderate or high
temperatures, cherries should be precooled as soon after harvest
as possible and stored or transported as close as possible to the
recommended holding temperature of 31° to 82° F. Careful han-
dling to prevent bruising or wounding during picking, packing,
and loading would make the fruit less subject to infection.

Decay in stored cherries also has been reduced by modified at-
mospheres in which the carbon dioxide (CO.) level is held at 10
percent. Packing the fruit in boxes with polyethylene liners has
been effective in maintaining a high CO., level in atmospheres in
transit and marketing.

(See 72, 73,114, 162, 186.)1

Black Mold Rot
Aspergillus niger v. Tiegh.

Black mold rot of cherries is rarely found on the market. Rot
caused by this mold is watery and mushy and can be scooped out,
leaving a clean cavity in the surrounding flesh. The surface of
the affected area becomes cracked and small white tufts of mold
appear. As spores are produced, the mold turns jet black.

Aspergillus niger grows best at 86° to 98° F. and grows very
little at temperatures below 45°. The disease, therefore, is of
little consequence when cherries are properly refrigerated.

See Peaches, Nectarines, and Apricots, page 12.

(See 160, 186.)

* Italic numbers in parentheses refer to Literature Cited, p. 50.
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Blue Mold Rot

Pencillium expansum Lk. ex Thom.

Occurrence and symptoms

Blue mold rot is one of the most important disorders of cherries
on the market. It is particularly prevalent in fruit that has been
exposed to rainfall or high moisture conditions in the orchard.
Such conditions may cause cracking of the skin, which predisposes
the fruit to infection. The Bing and Tartarian varieties are par-
ticularly susceptible to cracking ; Lambert is less susceptible. Gen-
erally, large-fruited varieties tend to crack more readily than small-
fruited varieties and susceptibility to cracking increases as the
fruit matures.

Externally, blue mold rot first appears as a circular, flat, light-
brown area. Internally, the affected tissue is very soft and wa-
tery. As the rot develops, the skin covering it cracks readily and
small, white tufts of the mold appear. Under humid conditions,
the mold grows over the surface of the rotted area and soon pro-
duces a crop of bluish-green spores. In the late stages of decay,
affected cherries become crushed during handling and the decayed
tissues contaminate surrounding fruit (pl. 1, B).

Causal factors

Blue mold rot is caused primarily by the fungus, Penicillium
expansum, although some other species of Penicillium may be asso-
ciated with the disease. This fungus produces a large number of
spores, which are widely disseminated in the air. Penicillium
seldom infects the fruit through the intact skin, but enters through
cracks caused by moisture or injuries during harvesting and pack-
ing. Susceptibility increases as the fruit matures.

Penicillium expansum grows best at about 77° F. and growth
almost ceases at 32°. The spores germinate readily at 77°, but
germination is greatly delayed (7 to 14 days) at 32°.

Control measures

Since growth of the causal fungus is greatly reduced at low tem-
perature, rapid precooling and storage at 31° to 32° F. are effective
in reducing losses from blue mold rot. Temperatures in transit
should be maintained as close to 32° as possible.

High CO, levels in atmospheres also reduce the development of
blue mold rot in cherries. A 20-percent level of CO. at 36° or 45°
F. has been found to have about the same inhibitory effect on the
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development of blue mold rot as a temperature of 31° without
CO.. High CO, levels in atmospheres can be achieved in transit by
using polyethylene liners in the boxes in which cherries are packed
or by adding 800 to 1,000 pounds of dry ice to the refrigerator car
used to transport the fruit.

Preventing skin punctures or bruising during harvesting and
handling will reduce infection ports for blue mold.

(See 63, 70, 72,78, 141, 152, 186, 187, 193, 211.)

Brown Rot
Monilinia fructicola (Wint.) Honey and M. laxa
(Aderh. & Ruhl.) Honey

Occurrence and symptoms

Brown rot is an important disease of cherries, particularly in
humid or wet seasons when it may affect up to one-third of the
crop. The disease is found on cherries grown in California, the
Northwest, and in other areas of the United States. Brown rot
affects fruit in the orchard and during transit and marketing.

The rot is light brown at first, but darkens later. The margins
of the affected area fade into the normal fruit color, leaving no
distinet line separating decayed from healthy tissue. The skin
covering the rot remains firmly attached to the tissue beneath.
Brownish-gray masses of spores are produced quickly on the sur-
face of decayed portions of the fruit. At room temperature, the
decay spreads rapidly over the affected fruit and to adjacent fruits
(pl. 1, C).

Causal factors and control measures

See Peaches, Nectarines, and Apricots, pages 15 and 16.
(See 25, 32, 84, 65, 125, 202, 211.)

Cladosporium Rot

Cladosporium herbarum Lk. ex Fr.
Occurrence and symptoms

Cladosporium rot causes serious losses in sweet cherries during
seasons in which weather conditions cause cracking of the skin.
Cherries from California and the Pacific Northwest are frequently
affected.

The decayed area is usually small, often affecting only the lining
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of the crack or wound around which it centers. The decayed tissue
is hard, dry, gray to black, and cone shaped with its apex extending
deep into the fruit. This cone can be easily removed from the
surrounding healthy tissue. External signs of the fungus are a
thin, fluffy growth of white mold that covers the decayed area
and that produces abundant yellowish-olive spores (pl. 1, D).

Causal factors

Cladosporium herbarum, the causal fungus, is widespread in
nature, growing and sporulating abundantly on dead plant mate-
rials. Decay caused by the fungus develops most rapidly at about
72° F., but also develops slowly at storage temperatures as low as
34°. Other organisms frequently gain entrance through the same
wounds and mask the primary symptoms of cladosporium rot.

Control measures

An important control measure for this disease is the prevention
of wounds, because the causal fungus enters the fruit only through
breaks in the skin. Careful sorting to remove cracked fruit at the
packinghouse and rapid cooling will reduce the incidence and
development of decay. Maximum refrigeration should be main-
tained in transit to provide temperatures as close to 32° F. as
possible.

(See 25, 160.)

Coryneum Blight

Coryneum carpophilum (Lev.) Jauch.
Occurrence and symptoms

Coryneum blight is primarily a disease of cherries and other
stone fruits grown in the Western United States and is rarely
found in the East. The disease is most evident on the leaves
where it causes spots or “shothole,” but the organism also attacks
the fruit, causing small dry spots. The flesh below these spots is
affected with rot that gradually extends to the pit or may spread
over the whole fruit.

Causal factors and control measures

See Peaches, Nectarines, and Apricots, page 18.
(See 83, 87, 136, 160, 203, 204.)
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Gray Mold Rot

Botrytis cinerea Pers. ex Fr.
Occurrence

Gray mold rot is frequently found on cherries from all producing
areas in the United States. Inspection records over a period of
several years have shown that an average of almost 0.5 percent of
the cherries arriving at eastern markets have had gray mold rot.
The disease is much more prevalent in years when cool, moist
weather occurs shortly before harvest.

Symptoms

Gray mold rot first appears as a light-brown spot on the skin.
The spot later becomes covered with a delicate growth of Botrytis
cinerea, the causal fungus, and the underlying tissue becomes
somewhat watery and a darker brown. As the decayed area
enlarges, the fungus growth becomes more prominent. Under
relatively dry conditions, gray spores are produced abundantly
over the decayed areas of the fruit; under moist conditions, as in
a box of cherries with a film liner, an abundant white growth of
fungus may cover the affected fruits and spread to adjacent ones.
The skin near the margins of decayed areas slips easily under
pressure from the finger, as in rhizopus rot, but the decayed tissue
does not have the sour odor characteristic of rhizopus rot—gray
mold has no definite odor. Spread of the fungus by contact from
infected to sound fruits often occurs, resulting in nests of molded
fruit in a box (pl. 1, E).

Causal factors

Gray mold rot is caused by the fungus, Botrytis cinerea, which
causes decay in many different fruits, vegetables, and other crops.
This fungus may enter the fruit through breaks in the skin or may
penetrate the skin after growing on dead flower parts or other
plant debris adhering to the surface of the fruit.

Botrytis cinerea grows best at 72° to 77° F. and fruit rot devel-
ops rapidly at these temperatures. Slight growth occurs at 32°
and decay may increase slowly even at this low temperature. A
50-percent reduction in growth of Botrytis occurs when 20 percent
CO. is added to the atmosphere, and spore germination is com-
pletely inhibited in atmospheres with a CO. level of 32 percent.



8 AGRICULTURE HANDBOOK 414, U.S, DEPT. OF AGRICULTURE

Control measures

Careful handling during picking and packing and elimination of
culls and rotted fruit are effective methods of reducing market
losses from gray mold. A comparison of cherries handled com-
mercially and those especially handled to prevent bruising showed
that almost four times as much gray mold rot developed in the
commercially handled fruit.

Prompt precooling after harvest greatly reduces the develop-
ment of gray mold. Atmospheres with a CO, level of 10 percent
have been found to reduce decay and extend storage life. Film
liners are effective in retaining CO. during transit or dry ice may
be used to build up the CO, level in the atmospheres. Certain
postharvest fungicidal dips have been found effective in reducing
gray mold rot.

(See 73, 162, 200, 202, 211, 212.)

Rhizopus Rot
Rhizopus stolonifer (Ehr. ex Fr.) Vuill.

Occurrence

Rhizopus rot is one of the most important postharvest diseases
of cherries. A survey indicated that an average of 0.7 percent
of the cherries reaching the New York market were affected by
this disease. The incidence of rhizopus rot increases as the fruit
ripens; cracks or bruises in the skin also favor the disease.

Symptoms

Rhizopus rot first appears as water-soaked, tender, slightly dark-
ened areas on the fruit. Later the entire fruit breaks down, pro-
ducing a red, loose mass of rotted tissue covered with an abundant
coarse growth of the fungus. Dull, black fruiting bodies of the
fungus are produced over the surface. The mold quickly spreads
over large parts of a box of fruit and may involve the entire con-
tents. Watery, red juice may drip from such cherry boxes (pl. 1,

F).
Causal factors

See Peaches, Nectarines, and Apricots, page 23.

Control measures

Since Rhizopus stolonifer is a “high temperature” organism,
it is best controlled by cooling the fruit promptly and holding it at
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low temperature in transit or in storage. The causal organism
ceases to grow at temperatures below 45° F. Maximum refrigera-
tion is recommended in transit, with temperatures as near 32° as
possible.

Controlled or modified atmospheres also have been effective in
reducing rhizopus rot. Spore germination is completely inhibited
in atmospheres with 8 percent CO, and vegetative growth of the
mold is reduced by one-half in those with 20 percent CO,. At-
mospheres with 10 percent CO, have reduced decay of cherries in
storage tests. Atmospheres with high levels of CO., can be ob-
tained in transit by using polyethylene box liners or by using dry
ice in refrigerated railcars or trailers. From 800 to 1,000 pounds
of wrapped dry ice can be placed in a crib above the brace of a
car, with an additional 200 pounds broken up in the ice bunkers of
the car. In trucks the wrapped dry ice is suspended well above
the load to prevent freezing.

(See70,71,72,73,141, 152, 162, 200.)

Peaches, Nectarines, and Apricots
Alternaria Rot
Alternaria sp.

Occurrence and symptoms

Alternaria rot may occur on peaches, nectarines, and apricots
when these fruits are stored for long periods at low temperature.
The disease is rarely found on freshly harvested fruit.

Alternaria rot is black to greenish black, firm, slightly sunken,
and moist, and usually affects only the surface of the fruits. In
advanced stages, the affected areas may be covered with olive-
green spores of the fungus and the rot may extend deeper into the
flesh, forming a cone that can easily be scooped out (pl. 2, 4; pl.
3, D).

Causal factors and control measures
See Cherries, page 3, and Plums, page 27.
Anthracnose (Bitter Rot)
Glomerella cingulata (Ston.) Spauld. & Schrenk.

Occurrence

Anthracnose has been an important disease of peaches in Japan
gince 1920. It was first observed in the United States in ship-
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ments of peaches from Georgia in 1947. In succeeding years, the
disease became serious in most Southeastern peach-growing States
and later was reported on peaches grown in most States on the east
coast and in the Midwest. The disease caused serious losses from
1947 to about 1955, but since that time has become less important.

Peaches infected with anthracnose are usually detected when the
fruit is harvested and diseased fruit is discarded during packing-
house operations. However, some incipient infections escape de-
tection and cause losses during marketing.

Symptoms

The first symptoms of anthracnose on peach fruit are one or
more small, circular, brown spots, 14 to 14 inch in diameter.
These spots occur indiscriminately over the surface of the fruit
and closely resemble the early stages of brown rot. In the early
stages, the spots may be slightly moist, but usually they are firm
and dry. The spots slowly enlarge to about 1 inch in diameter
and the tissue beneath collapses, causing a depression to form
in the center. In advanced stages, the depressed area may extend
I to 14 inch into the flesh. The affected area is surrounded by a
firm, circular margin. A fine, grayish growth of the fungus may
cover the spots and later concentric rings of salmon-pink spore
masses are produced in the depression. In severe infections, the
spots may coalesce and cover a large part of the fruit (pl. 4, G).

Causal factors

The causal fungus, Glomerella cingulata, is the same organism
that causes bitter rot of apples. The fungus overwinters in blue
lupine in the Southern States and infects peaches in the early
stages of growth in the spring. Infections also may occur in later
stages of growth and damage from the disease becomes apparent
as the fruit approaches maturity. Two strains of the organism
exist, one having a pink and the other a gray vegetative growth.
The pink strain grows more rapidly and causes decay to develop
faster than the gray strain at temperatures below 50° F. No
growth occurs with either strain at temperatures below 40° or
above 95°. The optimum temperature for growth of both strains
is 80°,

Control measures

Since the symptoms of anthracnose are often apparent when
peaches arrive at packing sheds, careful grading will eliminate
most diseased fruit frorn the market. Storage and transit tem-
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peratures near or below 40° F. will prevent further development
of the decay. In regions where the blue lupine is used as a winter
cover crop, the elimination of this host has done much to reduce
losses and to minimize the importance of anthracnose as a market
disease.

(See 61, 138, 149, 178, 197.)

Bacterial Spot

Xanthomonas pruni (E. F. Sm.) Dows.
Occurrence

Bacterial spot is a serious disease of peaches, nectarines, and
apricots. Commercially it is most important as a disease of
peaches, causing losses in the eastern and mid-western parts of the
United States, but not in fruit-growing sections west of the Rocky
Mountains. The disease also occurs in Australia, Brazil, Canada,
Japan, New Zealand, and Russia. Most varieties of peach are
susceptible to bacterial spot, particularly Sun High and late-matur-
ing varieties Elberta or J. H. Hale. Losses from bacterial spot
are reflected not only in damaged fruit, but also in reduced yields
resulting from defoliation of trees affected with the disease.

Symptoms

Bacterial spot appears as circular, faint, brown spots about 0.5
to 1.0 mm. in diameter on maturing peach fruits in the orchard.
As the spots enlarge, the centers darken slightly and become
sunken; the margins of the spots have a watersoaked appearance.
Spots may occur on any area of fruit, thus differing from scab,
which occurs mostly at the stem end. The spots sometimes co-
alesce and cover large areas. Numerous types of skin cracking
may occur. Fruits infected at an early stage of development
usually are more malformed than those infected later. Cracks
in the fruit range from very small and shallow cracks with a
greenish halo to deep, open cracks containing a yellowish, gummy
exudate. This exudate also may be produced in large spots and
often dries into hornlike projections (pl. 5, A and B).

Causal factors

Xanthomonas pruni overwinters in infected twigs and in the
spring is spread mainly by wind and rain to leaves and fruits.
The bacterium infects blossoms or the unbroken skin of the fruit.
It grows luxuriantly at temperatures between 75° and 83° F. and
may cause severe infection in the orchard between 70° and 85°.
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Growth of the organism is reduced above 85° and the bacterium
ceases to multiply at 100°. It is killed in 10 minutes when exposed
to a 124° temperature. Fruit on weak trees are more susceptible
to attacks by X. pruni than fruit on vigorous trees.

Control measures

Since bacterial spot is primarily an orchard disease, affected
fruit should be graded out in the packinghouse. Postharvest
treatments do not reduce the disease. Control measures in the
orchard include proper chemical spray applications and good cul-
tural practices necessary to produce vigorous trees.

(See 7, 8, 56, 58, 92, 102, 110, 118, 121, 159.)

Black Mold Rot
Aspergillus niger v. Tiegh.
Occurrence

Black mold rot of peach, nectarines, and apricots occurs occa-
sionally on all varieties of these fruits, but never causes serious
losses. Most commonly it attacks fruit during warm ripening
periods following prolonged storage or transit. Black mold rarely
occurs on freshly harvested fruit.

Symptoms

Early symptoms of black mold rot on peaches are small, tan,
slightly sunken spots at various places on the fruit. As the spots
enlarge, the tan skin becomes wrinkled in concentric circles.
Later a scant, white growth of mold appears near the center of
the spot and then spreads over the affected area. The mold pro-
duces abundant spores that are yellow at first, but soon turn black,
giving the rot a sooty appearance. Sometimes the sooty area is
surrounded by a scant, white growth of mold and tan discolored
skin. The flesh ¥4 to 14 inch beneath the affected area turns
brown and mushy and can be scooped out, leaving a saucerlike
hollow surrounded by healthy tissue (pl. 4, A and B).

Causal factors

The causal fungus, Aspergillus niger, is widespread in nature,
growing on organic matter in the orchard and elsewhere. It can
contaminate peaches or other stone fruits during harvesting and
packing. A. niger grows most rapidly at high temperatures, the
optimum being between 86° and 98° F. Little or no growth
occurs below 45° or above 113°. Spores will be killed at 131° for
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30 minutes. Normally the organism does not attack uninjured,
freshly harvested peaches unless they are overripe. Losses from
black rot usually occur on injured fruit or fruit subjected to pro-
longed storage at low temperature before ripening at high tem-
perature,

Control measures

Losses from black mold rot can be reduced by careful handling
to avoid injury to the fruit, avoiding excessive long storage periods,
and using sanitary measures in packinghouses and in wholesale
and retail markets.

(See 160, 186.)

Blue Mold Rot
Pencillium sp.

Occurrence and symptoms

Blue mold rot usually does not occur on freshly harvested, unin-
jured peaches, nectarines, or apricots. The rot commonly is found,
however, on injured or overripe fruit or fruit that has been stored
at low temperatures for long periods.

The first symptoms of blue mold rot on these fruit are small tan
spots occurring anywhere on the surface. The skin over the spots
is moist and readily breaks or slips from the fruit. Beneath the
spot the flesh is tan and moist, but fairly firm. With slight pres-
sure, the infected tissue can be scooped out, leaving a saucerlike
depression up to 14 to V4 inch deep and surrounded by healthy
tissue. As the spot enlarges, white tufted cushions of mold appear
near the center, which later produce masses of powdery, blue-
green spores. The sporulating areas often are surrounded by a
white vegetative growth of the fungus. The affected areas gradu-
ally enlarge, but rarely involve the whole fruit (pl. 3, £ and F').

Causal factors

See Cherries, page 4.

Control measures

See Cherries, page 4.

Peaches and nectarines are not as tolerant of atmospheres with
high CO. levels as cherries, nor are they as subject to blue mold rot
as cherries. Consequently, atmospheres with high CO. levels gen-
erally are not used in commercial shipments of peaches and nectar-
ines. Controlled atmosphere storage of these fruit at 32° F. with
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1 percent oygen and 5 percent CO, has reduced physiological dis-
orders greatly, but has reduced decay only slightly.
(See 10, 160, 186.)

Brown Rot
Monilinia fructicola (Wint.) Honey and M. laxa
(Aderh. & Ruhl.) Honey

Occurrence

Throughout the world brown rot is the most important disease
of peaches, nectarines, and apricots. In the United States the
disease occurs wherever these fruits are grown, but consistently
causes the greatest losses to peaches grown in the Southeast.

Brown rot develops on peaches in the orchard, in packinghouses,
during transit, during marketing, and in the homes of consumers.
The rot develops on freshly picked fruit, as well as on fruit after
long transit or storage periods. It will develop on relatively
immature fruit nearly as fast as on mature fruit. No commercial
varieties of peaches, nectarines, or apricots are resistant to this
disease. The J. H. Hale and Red Top peach and most nectarines
are particularly susceptible to brown rot. Most canning cling
peaches and early soft flesh peaches are highly susceptible.

The development of brown rot during marketing of these fruits
is correlated closely with weather conditions at the time of harvest.
Rainy periods stimulate spore production on infected twigs or
mummies, and if fruit is maturing during this period, infection in
the orchard may be severe. When high humidity follows rainy
periods, spore production continues for long periods. In dry
periods, even though the relative humidity may be high, spore
production is limited and late-season infection in the orchard is
slight.

Sym ptoms

The earliest symptoms of brown rot are small, water-soaked
spots on the surface of fruits. Beneath these spots, the flesh also
is water soaked to glassy, the discoloration extending about j
inch. Within 24 hours, the skin and affected flesh become brown
to black. At 60° to 80° F. these spots enlarge rapidly, usually
remain circular and nonsunken, and are covered with a tough,
leathery skin that, even with moderate pressure, remains intact
over the decayed flesh. The flesh becomes brown and somewhat
watery, but firm, the decay often extending to the pit of the fruit.
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In advanced stages, tan-gray, powdery spore masses, often in con-
centric rings, cover the surface of affected areas. Within 3 to 4
days at room temperature, the entire fruit may be decayed, but
with the skin remaining intact. Later these fruit shrivel and
become mummies.

Brown rot spreads rapidly from diseased to healthy fruit in ship-
ping containers. Severe ‘“nesting” usually occurs when heavily
infected fruits are packed and held at moderate temperatures (pl.
2,Cand D;pl.6,A, B,and C).

Causal factors

Two species of Monilinia, M. fructicola and M. laxa, produce
brown. rot of stone fruits. In the United States, M. laxa is found
mainly in California, whereas M. fructicola is found throughout
the country.

These fungi overwinter chiefly on mummies that remain on
trees or that have fallen to the ground. Sometimes the brown rot
fungi overwinter on twig and limb eankers. During rainy periods
in the spring, spores are disseminated from these sources and in-
fect peach blossoms, causing additional twig infections. Young
fruits may become infected by spores from these twigs; the infec-
tion may remain latent until the fruits mature. Additional infec-
tions may occur during rainy periods later in the season when
the fruits are maturing. The brown rot organism can penetrate
the unbroken skin of the fruits, but insect injuries, hail injury,
wind whipping, and bruising greatly increase infection.

Fruits also may become infected in packinghouses or markets
when in contact with contaminated belts, tables, or boxes. Hydro-
coolers, in almost universal use in the Eastern and Southeastern
United States, can be one of the principal methods of spreading
brown rot. If the water in these coolers is not changed frequently
or treated with a fungicide, a large population of Montlinia spores
may contaminate the water and infect fruit passing through the
cooler.

Spores of M. fructicola can germinate and grow at temperatures
from 32° to 90° F. For rapid growth of this organism and for
spore production, temperatures from 60° to 80° are ideal. Most of
the spores are killed when exposed to 120° water for 3 minutes or
to 125° water for 1 minute. Exposure to 130° air with 90-percent
relative humidity for 1 hour also killed the spores, but exposure
to air with only 50-percent relative humidity did not kill the spores.
Dipping fruit in 125° water for 2 to 3 minutes has effectively
killed spores on the surface.
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Germination of Monilinia spores requires the presence of free
water. Rainy periods, therefore, will result in severe orchard
infections, especially when fruit are nearly mature. High humid-
ity following the rainy period will prolong the infection period.
However, high humidity alone does not provide sufficient moisture
to seriously increase the development and spread of this decay.

Control measures

Primary control of brown rot should begin with sanitation prac-
tices in the orchard, in the packinghouse, and on the market. De-
stroying or burying mummified fruits in the orchard, cleaning
grading and packing equipment, keeping the water clean in hydro-
coolers, and destroying cull piles of fruit around orchards and
packinghouses will reduce the population of brown rot spores and
hence reduce the possibility of fruit infection. Control measures
also should include applying insecticides for flies and gnats at
packinghouses and markets since these insects carry Monilinia
spores from diseased to healthy fruit.

Proper orchard spray schedules are necessary to control brown
rot in orchards. For details, the U.S. Department of Agriculture
or State agricultural colleges should be consulted.

Refrigeration is the most commonly used method of controlling
brown rot after harvest. Temperature studies have shown that as
much brown rot develops in peaches held 1 day at 75° F. as in 3
days at 50°, 7 days at 41°, or 25 days at 32°. Prompt cooling of
fruit to temperatures below 40° will reduce the growth and spread
of this organism. Hydrocooling is a rapid method of removing
field heat. Maintaining transit temperatures below 40° will slow
the development of brown rot, though further development will
occur when fruit is moved to moderate marketing temperatures.

Postharvest fungicide treatments, such as chlorine in the hydro-
cooling water, have been effective in reducing populations of Moni-
linia spores on the surface of peaches, but have not controlled the
growth of organisms that have already infected fruit in the
orchard. Heat treatments have been effective in controlling in-
cipient infections of peaches and nectarines. Dipping the fruit
in 125° to 128° F. water for 2 to 214 minutes destroys Monilinia
spores on the fruit and also prevents the development of organisms
already established under the skin.

(See 8, 9, 11, 12, 22, 29, 30, 31, 38, 46, 47, 48, 59, 76, 83, 89, 90,
91, 98,99, 100, 103, 115, 120, 127, 130, 132, 139, 156, 157, 158, 161,
166, 170, 176, 177, 180, 196, 202, 205.)



MARKET DISEASES OF STONE FRUITS 17

Cladosporium Rot

Cladosporium herbarum Lk. ex Fr.
Occurrence and symptoms

Cladosporium rot rarely occurs on peaches, nectarines, or apri-
cots. Fruits subject to long storage or transit periods sometimes
suffer from this disease.

Cladosporium rot usually affects only a small area of the fruit,
such as the tissue lining a wound or skin break. A thin, fluffy,
white growth of mold usually covers the affected area. In late
stages the surface of the decay turns yellowish olive as spores of
the fungus are produced. On peaches the spots usually are less
than 1 inch in diameter. The most striking feature of the decay is
a hard, cone-shaped, gray to black core extending deep into the
flesh. The core is surrounded by moist, brown tissue from which
it is easily separated.

Causal factors and control measures

See Cherries, page 6.
(See 160.)

Coryneum Blight

Coryneum carpophilum (Lev.) Jauch.
Occurrence

Coryneum blight was first recorded in France in 1853 and occurs
on peaches, nectarines, and apricots in most countries of Europe,
in Algeria, in Australia, and in New Zealand. In the United
States, the disease is most serious in the Pacific Northwest, but
also causes damage to stone fruits grown in California, Colorado,
Indiana, Michigan, New York, Ohio, and Utah. Coryneum blight
also is known as peach blight, winter blight, pustular spot, and
shot hole. The disease primarily affects twigs, dormant buds,
leaves, and blossoms on peaches and nectarines, but sometimes
damages the fruit. On apricots, the disease more frequently
attacks the fruit. Diseased fruits are usually culled in the pack-
inghouse, but occasionally reach the market.

Symptoms

On the fruit, coryneum blight causes small, purplish-red, circu-
lar spots that usually are distinct from one another. The spots
may enlarge to 14 or 14 inch in diameter, a cream-colored area
develops in the center, and the margins become dark red to brown.
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Later the spots are slightly sunken and colored rusty brown.
Small cracks sometimes develop in affected areas, and gumming
occurs (pl. 2, B; pl. 4, K and F'). '

Causal factors

The causal fungus, Cornyneum carpophilum, infects buds and
twigs during moist weather in the fall and winter. Blossoms and
young fruit may become infected during the warm, rainy spring
weather. The spores are dispersed by rain or splashing water.
Infection occurs when susceptible parts of the hosts are wet for
several hours. The optimum temperature for decay development
and growth of the fungus is near 70° F. Decay development is
somewhat slower at 80° than 70°, and at 40° decay development is
delayed for 15 to 20 days. Spores of the fungus can germinate at
40° and incipient infections may occur. Decay resulting from
these infections develops very rapidly when fruits are transferred
to higher temperatures.

Coryneum blight does not spread from diseased to sound fruit
after harvest, although there is some indication that individual
spots may enlarge. Spots 14 inch or more in diameter and sunken
13 to 14, inch below the margins have been observed on the market.
Such spots are considerably larger than those commonly found at
harvest.

Control measures

Control of coryneum blight depends upon proper applications
of chemical sprays in the orchard. After harvest, decay develop-
ment may be delayed by storing and shipping the fruits at tem-
peratures below 40° F'.

(See 40, 62, 83, 87,136,160, 173, 174, 208, 204, 209.)

Diplodia Reot
Diplodia natalensis P. Evans
Occurrence

Diplodia rot first was observed on peaches in Georgia in 1950.
The disease has been found since on peaches grown in several other
States on the east coast. Diplodia rot is found most commonly
on mature-ripe fruit, but also may develop during ripening of pre-
viously stored green fruit. Although the rot is not of great eco-
nomic importance, the potential loss is important since diplodia
rot develops rapidly at the temperatures at which peaches nor-
mally are ripened.
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Symptoms

In its early stages, diplodia rot may be mistaken for either
brown rot or rhizopus rot. T