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Although ~. phaseolina has been observed in association with mortality of pines in

plantations (2,10,17), charcoal root rot is predominantly a disease of pines in
forest tree nurseries. Nurserymen, foresters, plant disease specialists, and

government regulatory personnel are well advised to develop a keen awareness of ~.
phaseolina and its modus operandi. Such an awareness is key to preventing outbreaks
of charcoal root rot, minimizing the impact of the disease, and facilitating sound

crop management and/or regulatory decisions.

!?;ISEASE OCCURRENCE & RECOGNITION. !!acrophomina phaseolina is capable of causing

damping-off of pine seedlings during the early part of the growing season as well as

progressive, debilitating root infections throughout the summer months (6,14,19).
However, most charcoal root rot infections develop typically during the late summer
or early fall when soils are hot and dry (6,11,14,18,19). Infected seedlings

exhibit above-ground symptoms ranging (and often progressing) from damping-off of

young seedlings to stunted growth, to off-color, wilting and/or reddening foliage,
and eventual mortality of older seedlings.

Infected root systems often exhibit varying degrees of root discoloration and loss

of fine feeder rootlets. A swelling, blackening, and cracking of infected cortical

tissues may also occur, especially in advanced stages of disease development on tap

roots, larger lateral roots and lower seedling stems. (Note: This latter symptom is
not necessarily always present and may be more a function of "black root rot" caused

by M. phaseolina et al. than charcoal root rot sensu stricto.) The presence of

small (~50-200 Jlm)~b1ack microsclerotia within ~beneath cortical tissues (Fig.

I), and to a lesser extent within the xylem tissues of infected roots and root
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root rot and a closely related disease, black root rot caused by ~. phaseolina in
combination with Fusarium spp. and perhaps certain plant parasitic nematodes
(6,11,14), are considered a~ong the more serious diseases affecting pine seedlings
in forest tree nurseries in the southern and western United States (6,14,15,18,19).
Losses of up to 20 million nursery-grown pine seedlings in Florida in one year
(1976) have been attributed to charcoal root rot (15).



collars is common, especially where such tissues are moribund. Pycnidia of M.
phaseoli~a have been observed on infected seedling stems, but these asexual spore-
producing structures occur far less frequently than microsclerotia (14,19).
Microslerotia and pycnidia are visible to the unaided eye. However, they are more
readily observed with the use of a hand lens.

Fig. I. Pine seedling infected
with ~acropho~~ phaseolina
showing root collar where
microsclerotia are most prevalent
(small circle) and appearance of
subcortical microsclerotia on outer
surface of xylem tissues and inner
surface of bark (blow-up).

Infected seedlings are often irregularly distributed in nursery seedbedst occurring
singly or in clusters of a few to hundreds or thousands of seedlingst depending upon
the distribution of infective inoculum {esp. microsclerotia) in seedbed soils and
associated predisposing stresses or cultural treatments. For examplet it is not
uncommon for infection foci to be concentrated at the ends of seedbeds or in
seedbeds nearest unfumigated irrigation pipelines where inoculum-laden soil may be
mixed with fumigated soil during seedbed shaping/tilling operations. Alsot charcoal
root rot often "flares up" following cultural practices employed to improve seedling
quality {e.g.t undercutting or root wrenching) or "harden-off" seedlings for lifting

{e.g.t withholding irrigation).

PATHOGEN BIOLOGY. Macrophomina phaseolina is a high temperature, soil-borne,
facultative parasite possessing a low competitive saprophytic ability (CSA); i.e.,
it is easily suppressed by the activities of competitive, antagonistic, and/or
hyperparasitic soil micro flora (5,7,11,13,16). Cultural temperature optima between
30 and 37 C are common for ~. phaseolina isolates, and microsclerotia of the
pathogen have been reported to survive soil temperatures in excess of 55 C (5,7).



The fungus is capable of surviving in soils for years in the absence of a suitable
host (8,24) by means of resistant, resting stage microsclerotia. However, survival
of microsclerotia is strongly influenced by interactions of soil moisture and
temperatures (8,9). Germination of microsclerotia is stimulated by a variety of
organic substances (1), many of which may be supplied by host root exudates (22).
Survival and activity of the pathogen in soils is responsive to inorganic
fertilizers and organic soil amendments (8,11).

Macrophomina phaseolina is particularly aggressive on hosts subjected to various

physiological stresses, particularly moisture stress (7,25). Thus, root disease

"episodes" tend to peak late in the growing season when 1) soil temperatures

approach their annual highs, 2) reduced rainfall and/or irrigation results in dry

soils and sometimes excessively moisture stressed seedlings, and 3) activity of

beneficial soil microflora is restricted due to elevated soil temperatures and

reduced soil moisture.

CO~TRO-L. Charcoal root rot can be controlled by soil fumigation
(11,12,15,20,21,23). Fumigant formulations comprised of 33% chloropricrin and 67%
methyl bromide are particularly effective and often recommended (15). Soil drenches
with benomyl and captan have provided some measure of control, but fungicide
drenches are generally less effective than fumigation. Opportunities apparently
exist to exploit potential biological controls (3,4), but more research is needed
before such methods are operationally feasible. The possibility of control via
manipulation of irrigation schedules, particularly during periods of excessively hot
dry weather, so as to 1) prevent excessive moisture stress within susceptible
seedlings crops, 2) reduce excessively high soil temperatures, and 3) promote the
activity of soil micro flora warrants consideration and experimentation.

SURVEY & DETECTION. Look for off-color, wilted and dying seedlings in forest tree
nurseries, expecially in late summer/early fall when soils are hot and dry. Feeder
root necrosis and cortical blackening, swelling and cracking on larger roots/lower
stems may occur. The presence of small black microsclerotia within and beneath
necrotic cortical tissues is diagnostic.
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