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Introduction

Storage diseases are numerous and responsible, in the orchard and after harvest, for
sometimes unbearable losses, especially on late-season varieties.

1. Fungal Diseases

1.1. Diseases of Stone Fruits

Stone fruits are all attacked, at different phenological stages, by two main species of
Monilia: Monilia laxa (flower and fruit) and M. fructigena (fruit). The main period of
sensitivity is during fruit enlargement (thinning of the epidermis, micro-cracks).

o The flower (or flower cluster) invaded by M. laxa dries out (it appears as if frozen) and
remains attached to the branch while small gray conidial cushions appear on the flower
peduncles.

e When the fungus has destroyed a flower or a fruit, it reaches the supporting twig by
traveling through the peduncle. It can then invade the stem and cause a shield-shaped
canker accompanied by gummy exudate. Sporulating cushions appear on the surface
of the cankers.

¢ Infection of fruits in the orchard occurs through a wound or by contact between a
mummified fruit and a healthy fruit. The fruit is sensitive at all stages, with slight
variations. The parasite invades the pulp, then fruits on the surface.

Symptoms

Species M. fructigena M. laxa

Apricot Fruit rot Flower wilting, Twig canker, Fruit rot.
Almond Shoot dieback, Twig canker, Fruit rot.
Peach Localized destruction of flower buds, wilting of young shoots, fruit rot.

Plum Flower drying, Twig canker, Fruit rot. Flower dieback

Monilioses are characterized by very small powdery cushions of ash-gray color scattered over
the surface of the fruits. M. fructigena presents fawn-brown cushions, larger (2-3 mm),
formed in concentric zones around the point of infection.



Biology

M. laxa persists during the winter at the level of cankers and mummies (rotten and dried
fruits), in the form of mycelium. This mycelium fruits as early as January, producing gray
cushions, which release winter conidia. These conidia can infect flowers (stage F) from March-
April and fruits from May. Summer conidia then appear and can infect other flowers and fruits.
Fruits can also be infected by simple contact with the mycelium. The twig bearing the
moniliosed flower can also be affected in turn. During the maturation and enlargement of the
fruits, the summer conidia multiply from the powdery cushions and infect many neighboring
fruits. The moniliosed fruits quickly evolve into mummies, drying on the tree.

The cycle of M. fructigena is similar, but does not involve flowers.

Contamination occurs through the style or anthers of the flower, or through an epidermal
wound. Abiotic factors determine the importance of the inoculum and therefore of the attack.

. Germination is observed between 5 and 30°C, with an optimum of 18 to 24
°C. Conidia are resistant to low temperatures, while a temperature above 55°C is fatal to
the mycelium and conidia. At 0°C, growth is not interrupted but only slowed, which
explains rots in cold storage. A sudden cooling after flowering seems to favor M. laxa on
peach.

. High atmospheric humidity favors the development of Monilioses. The
presence of liquid water is not essential: conidia can germinate in a saturated atmosphere,
with a relative humidity above 60%.

o Light is essential for germination. In darkness, the mycelium is white and sterile. The
concentric circles observed on fruits with M. fructigena are dependent on daily cycles.

Other secondary parasites may also be found in the orchard or in cold rooms, their frequency
depending on climatic conditions and many other factors (hygiene of the station, of the
packaging line, etc.). Interventions targeted against Monilioses often have some effectiveness
against other pathogens. Wound parasites are further discussed in the second part.

e Penicillium sp. (“Blue Rot”)

Very soft rot; the epidermis becomes very fragile and releases an abundant juice.
Fructifications appear quickly in the form of white powdery cushions, then greenish or blue,
emitting many spores. Penicillium is a saprophyte that lives on all kinds of substrates, in the
orchard as well as in storage.

e Rhizopus sp. (“Black Rot”)

Soft rot as well, with abundant juice, but with a strong fermentation odor.



The long gray-black filaments ending in a black head (sporangium) and forming a dense
network are characteristic of Rhizopus. This saprophytic species appears on other rots and on
very damaged fruits, mainly in storage.

e Botrytis cinerea (“Gray Rot”)

A wound parasite, invasive, of soft consistency but not juicy. The rot is brown or tan, but the
fructifications are ash-gray in color, powdery. Botrytis is very polyphagous and attacks several
fruit species, several types of organs, in the orchard or in storage.

1.2. Diseases of Pome Fruits
The species that attack pome fruits can be divided into two main groups:

e Wound parasites that develop from accidental entry points (insect stings, branch hits, hail,
harvest injury, etc.): Penicillium sp., Botrytis cinerea, Monilia fructigena, Rhizopus
nigricans, Alternaria;

e Quiescent parasites, which enter through natural openings (lenticels, etc.) and remain in
a latent state for a certain time: lenticel blotch, Botrytis, Alternaria,etc.

Wound Parasites

Their development is rapid but linked to the degree of fruit maturity. The contamination
by Monilia (brown rot) and Botrytis (gray rot) occurs mainly in the orchard,

¢ by mummies from the previous year for Monilia,
o atthe level of peduncle scars after harvest and petal scars after flowering, for Botrytis.

Although the appearance of symptoms occurs mostly in cold storage, the contamination
by Monilia occurs in the orchard, and Monilioses can also be observed there. In cold storage,
the sporulation is difficult in darkness, which limits propagation.

Penicillium and Rhizopus are found in cold storage, on all surfaces (storage, transport,
packaging), and spread via ventilation.

Quiescent Parasites

Lenticel blotch disease is caused by several species: Phlyctaena vagabunda (most often
identified species), Cryptosporoisis curvispora, Colletotrichum gloeosporioides, Nectria
galligena.

They can be responsible for losses of up to 90% of the total rots.

Contamination comes from the orchard, at the level of cankers located on the branches,
mainly during the critical pre-harvest period. The susceptibility of varieties to these parasites
is directly linked to the number of open lenticels per fruit, as well as to a partial resistance of
the epidermis (Golden is very susceptible, while Canada Gray is very little). Botrytis cinerea, as



well as Alternaria alternata or Fusarium, Trichothecium sp. can also be involved in quiescent
rots, infecting the flower calyx in the orchard and causing different types of symptoms.
Phytophthora sp. can also infect fruits located near the ground, or those placed in bins soiled
by splashes of infested soil.

2. Physiological Diseases

Under the name "physiological disorders," a set of abnormalities in the appearance or
organoleptic qualities of fruits that are not due to a pathogenic organism are grouped.

These disorders are well identified and relatively well controlled for pome fruits. Most appear
during storage, but some may manifest in the orchard before picking (bitter pit, watercore).

Their causes can be very diverse and are most often related to abnormalities or accidents
occurring during handling or storage.

However, a certain number of them are related to the course of the fruit's life in the orchard.
Among stone fruits, the plum is the one with the longest storage and is therefore the most
likely to develop physiological disorders.

The general prophylactic recommendations are: good anti-monilia protection, healthy fruits
at harvest, an optimal harvest stage, careful picking, reducing handling,etc.

Late picking makes the fruit more susceptible to rots and shriveling.
For long storage, low temperatures (0-2°C) allow for a beneficial loss of firmness.

Controlled atmosphere (2% 02, 2.5% CO2) is an interesting means to maintain optimal quality,
but it implies that the batches are fairly homogeneous (harvest grouped over one week) and
sold quickly upon removal from the cold room.

ULO (Ultra Low Oxygen, 1% CO2) allows for extending storage up to two months by limiting
internal browning and the development of rots.

However, this atmosphere is not recommended for batches that are advanced in maturity or
heterogeneous.
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