KCOA o KHNA Y

. german iz
Organic Agriculture and Knowledge Hub for Organic cooperation
s canmice deduza Agriculture and Agroecology OFUTSERF ZUSAMMINARBETT
in North Africa

Soil fungi

Khaoula Mokrani



Introduction

These fungi, usually relatively scarce in orchards, quickly become a priority once they establish
themselves because no curative solution exists, and their uncontrolled development can
rapidly lead to the loss of trees.

1. Main Soil-Borne Fungi
1.1. Verticillium Wilt

Verticillium dahliae, the main suspected pathogenic species, can be hosted by the majority of
fruit species (pome fruits being considered less sensitive) and vegetable crops. It colonizes the
xylem of trees and spreads upward into the aerial parts.

The species Verticillium albo-atrum seems limited to a certain number of species (alfalfa,
potato, tobacco, dahlia, maple, or ornamental crops) but is also found on apricot, quince, or
numerous weeds (goosefoot, amaranth, dandelion, etc.). As a precaution and due to a lack of
references, it is therefore advisable to avoid planting alfalfa as a preceding crop in stone fruit
orchards.

Similarly, vegetable crops are not recommended as preceding crops because, in addition to
being potential hosts, they require rich soils, favorable to fungal development.

Symptoms

They are varied and depend on multiple factors: physiological state of the tree, inoculum,
climate, rootstock, etc.

Verticillium wilt generally leads to leaf wilting followed by their sudden drying on one or
several branches (depending on the corresponding infected roots), or also to yellowing and
progressive leaf drop affecting mainly the base of shoots. A light-brown xylem ring is also
observed in cross-section, hence the English name "black heart."

A verticillium wilt attack can cause the death of young trees and slow down the development
of mature trees.

The severity of symptom development is linked to the speed of sap circulation, which explains
why "outbreaks" of verticillium are observed in spring and early autumn and partial or
complete remission in mid-summer.

1.2. Root Rots (Pourridi€)

Root rot is mainly due to two fungi: Armillaria mellea (so-called "agaric" root rot)
and Rosellinia necatrix (so-called "woolly" root rot). These two species attack a large number
of woody plants, the first species being more common on stone fruit trees, the second on
pome fruit trees.

Armillaria ostoyae, a frequent and damaging species on conifers, can also exceptionally be
found on fruit trees.



Observations seem to show that R. necatrix preferentially attacks young trees (3-4 years old)
and Armillaria sp. older trees.

R. necatrix spreads in the soil through its mycelium and through poorly differentiated mycelial
cords. A. mellea disseminates mainly through mycelial growth inside roots, the rhizomorphs
(fragile and fleeting in this species) ensuring only short-distance infection. In other armillaria
species, rhizomorphs can play a more important role. Regions with mild winters would be
favorable to the proliferation of both species, allowing their growth in the soil.

An attack by armillaria root rot is often triggered by asphyxiation, even if localized, at the root
level: good drainage is essential prophylaxis.

Symptoms

Root rot is accompanied by a discoloration (subtle at first, then generalized) of the foliage,
turning from yellow to red. Premature leaf drop is characteristic.

The deterioration of the root system tends to reach the crown and then the base of the trunk,
causing the more or less rapid decline of the tree. The vegetation becomes sparse, with
shorter internodes; later, entire scaffold branches become bare.

Under the bark of the roots or the crown, the presence of mycelial sheets (R. necatrix) or white
plaques and black rhizomorphs (Armillaria sp.) is noticeable.

e A. mellea is characterized by a mushroom odor and the presence of round, blackish,
flattened cords near diseased roots. This parasite can also produce honey-colored cap
mushrooms (carpophores), 3 to 15 cm, generally appearing in autumn.

e A. necatrix has no strong odor. Affected roots are connected by white or brown cords,
forming a kind of spider web on large roots ("woolly root rot"). This species often leads
to a more rapid tree decline.

Distinction between the two root rots can be made by the presence of white filaments at the
root level, specific to R. necatrix. A tree whose root system is infected by armillaria may show
no symptoms and maintain satisfactory vigor thanks to the emission of abundant fine roots at
the crown level. The presence of fruiting bodies can then alert the practitioner. Mechanical
diagnosis by tapping (sonic wave hammer, penetrometer) can fairly early confirm the
presence of a basal rot rising from the root system.

1.3. Phytophthora

The most widespread species on fruit species is Phytophthora cactorum, but it is far from
being the only one: eleven species are listed in the USA, seven in Europe (P. cinnamomi, P.
cambivora, P. nicotianae, P. syringae, P. megasperma, etc.).

These species are responsible for four "types" of diseases: ink disease (P. cinnamomi and P.
cambivora, on walnut, chestnut), crown rot (mainly P. cactorum, on walnut, apple), rot of



stone and pome fruits (mainly P. cactorum), and strawberry necrosis (P. cactorum, P.
fragariae).

Depending on the species involved, the attack will target mainly the roots ("root rot") or the
crown ("collar rot"), both, or even the fruits.

Moreover, some apple rootstocks are preferentially attacked by Phytophthora species.

Unlike other fungi, Phytophthora seems to attack trees individually, not in clusters. The speed
of development depends on several factors: rootstock, soil water management, species
involved, tree age, climatic conditions. It can remain latent for a long time as long as the soil
is not waterlogged, or not be visible with a vigorous rootstock.

An attack on the crown will lead to faster death than a root attack. Death is actually caused
by opportunistic secondary parasites that take the place left vacant by Phytophthora sp., this
species generally attacking only cortical tissues.

Symptoms

Detecting affected trees is difficult in the early stages of infection. Symptoms can appear at
several stages of the orchard's life.

e At planting: rusty foliage, necrotic crown, blocked root system, tree death.

¢ In young plantations (<7 years): same symptoms, with delayed vegetative growth,
limited vegetation.

e Inolder trees: diagnosis is more difficult to establish, other symptoms adding to those
caused by the fungus (clearwing moth, root rot, asphyxiation, frost, etc.). Tree survival
is then longer.

To confirm the presence of Phytophthora, it is necessary to inspect the roots of several
individuals showing symptoms. Crown necrosis starts at soil level and progresses in both
directions; it generally does not exceed the grafting point, while it can colonize up to 20 cm of
roots. This necrosis is clearly visible, especially in depth where healthy tissues remain white,
while the cortex is black.

2. Preventive Measures and Prophylaxis

Direct control against these fungi is very difficult to carry out, even impossible, if the pathogen
is well established.

The effectiveness of control first depends on a good initial diagnosis. It is important not to
confuse these symptoms with those of prolonged drought, or even those of a rodent attack.

Before Planting

e Choose a healthy and sufficiently draining soil: the first foci of root rot
or Phytophthora are often spotted in waterlogged areas (valley bottoms, clayey soil).



Choose low-sensitivity or even resistant rootstocks and certified healthy material:
disease transmission often occurs through uncertified nursery material. However,
certification is not an absolute guarantee against these diseases.

Avoid planting after a previous crop of vegetables (eggplant, melon, tomato especially)
and on cleared vineyard, hardwood forest, or fruit tree land (the first foci often appear
where there were old hedges, isolated trees, etc.). It is also known that armillaria can
persist in stumps for 15 to 50 years, a long enough time for the disease to resurge
when conditions are favorable.

If possible, avoid planting in soils with neutral to alkaline pH, as well as in valley
bottoms or on limestone hillsides.

Extract all roots in one or several passes, when uprooting an orchard or clearing land.

Incorporate, according to your possibilities and the risk of root rot, wood compost into
planting holes (potential effects on Phytophthora cactorum on apple trees).

After Planting

Avoid abundant summer irrigation (water stress or even flooding of aerial parts favors
fungal development) and excessive fertilization. Fungi preferentially establish on
stressed roots. Good irrigation management and well-draining soil will therefore be
key factors limiting disease expression. The source of water also has an impact: water
from a canal, a lake, etc., is rich in infectious propagules of Phytophthora, while
groundwater is poor in them. The type of amendment applied plays a role in the
development of Phytophthora antagonists in the soil: castor cake (12 g/ha) would thus
be interesting, while uncomposted chicken manure is not recommended due to its
high doses of antibiotics, lower in organic farming but not zero. Wood composts or
cattle manure do not cause an increase in Phytophthora. However, some trials seem
to show the positive impact of lignin and cellulose (peat, bark) on the development of
root rot rhizomorphs. More readily assimilable fertilizers would seem to limit this
development (Gautier, 1988).

Maintain sufficient tree vigor.

Avoid wounds to the root system (infections) when working the soil: prefer shallow
tools in summer to go deeper in autumn. In case of infestation, choosing localized
tillage in apparently healthy areas will also help limit fungal spread.

Systematically remove affected organs (musty odor on orange roots, infected by A.
mellea). Once the stump is devitalized, extracted, and burned, it is preferable to
thoroughly turn the soil to remove all buried wood. Fruits infested
by Phytophthora must also be collected.

Bare soil favors splashes of Phytophthora onto the aerial parts of the tree: prefer inter-
row grass cover, without the trunk being too overgrown to



avoid residual moisture at the crown level. This grass cover should be established with
crucifers (Brassica sp.) rather than with legumes, which are very sensitive to Phytophthora.

e Have the organic amendments used subjected to health control.

Curative Control Measures

There are currently few solutions.

e Studies show that incorporating crucifer or onion residues strongly inhibited and
even destroyed the mycelium and spores of Phytophthora cactorum (Bolay, 1994).

e To avoid infestation by other fungi, it is useful to clean all necrotic bark with a scalpel
or grafting knife, also scraping the first layers of healthy cortical tissues, and applying
a copper paste.

e Replacing susceptible varieties with resistant ones (uprooting or top-grafting) can
reduce attacks on the crown. A tolerant variety can be used as an intermediary,
under a susceptible commercial variety, grafted sufficiently high to escape splashes
of soil infected by Phytophthora.

e Steam disinfection (or solarization in well-sunny areas) has a certain effectiveness
against Verticillium, but is difficult to apply to orchard areas. However, if diagnosis is
early enough, localized disinfection can be considered to destroy the fungus only in
the affected area. Verify then that the temperature reached is sufficient to destroy
the mycelium.

o If alimited focus is identified, installing a vertical plastic sheet to a depth of 60 cm
can contain the focus and prevent spread.

e Preliminary work using biological control is underway:

- development of an antagonist fungus of V. dahliae, intended to be applied to the soil,
- induction of plant resistance by cross-protection,

- occupation of the ecological niche of Armillaria by other genera of harmless fungi.

Biological control is difficult to conceive for large areas (significant quantities of formulated
product, treatment cost), unless the antagonist is applied at planting, more localized in the
planting row.

Literature reports very significant protection results against Phytophthora, thanks to bacteria
(Bacillus, Enterobacter) or a fungus (Trichoderma viride) applied on apple seedlings, but their
development seems to face economic cost constraints.
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