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ABSTRACT

Carbon dioxide was monitored over a 12-week
period from pint-sized culture chambers supporting
sclerotial formation by Phymatotrichum omnivorum
on a sterile soil-sorghum seed substrate. Carbon
dioxide accumulated rapidly during the first 2 weeks
after inoculation with the fungus, and declined
rapidly during the period of maximum sclerotial de-
velopment. Sclerotial initiation coincided with the
elevated CO, concentration, whereas maximum scle-
rotial dry weight was obtained in 8 weeks. Appar-

ently, CO, or the dissolved bicarbonate ion influences
sclerotial formation in P. emnivorum. Soils with the
capacity to absorb or otherwise accumulate high
concentrations of CO, or bicarbonate might be suit-
able for sclerotial development of P. emmnivorum
and support the cotton disease caused by this fun-
gus. There were no significant changes in O, and
N, levels during the 12-week study period. Phyto-
pathology 61:858-861.
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Phymatotrichum ommnivorum (Shear) Duggar is a
soil-borne fungus that causes a severe root rot of over
2,000 species of dicotyledonous plants (1). The fungus
is distributed widely throughout southwestern United
States and northern Mexico, and is prevalent in the
heavy, calcareous soils of central Texas. Comprehensive
reviews on the disease, its distribution, and the fungus
have been published by Rea (14) and Streets (18).

Sclerotia of P. ommnivorum were first reported pro-
duced in soil-culture tubes by King & Loomis in 1929
(10). Subsequently, Neal (11) found them in naturally
infested soils at Greenville, Texas. Although it has
been 40 years since discovery of the sclerotial stage, the
mechanisms that induce sclerotial formation and which
cause the fungus to revert from a mycelial stage to
production of sclerotia are unknown. Also, no one has
determined why Phymatotrichum root rot occurs only
in highly calcareous soils.

Numerous reports deal with the growth and distribu-
tion of P. ommivorum in soil and pure culture. The
fungus may produce sclerotia at soil depths of at least
8 ft (15), and mycelial strands have been observed on
the surface of roots at depths greater than 6 ft (9, 13,
18). This suggests that the fungus has the potential of
inhabiting environments hostile to most soil micro-
organisms. Rogers (15) reported that most sclerotia
were found at depths between 18 and 30 inches in the
Blackland soils at Temple, Texas; however, he also
found them in reduced numbers at depths to 96 inches.
Soil at these depths is relatively uninhabited by other
soil microorganisms that are concentrated in the upper
6 inches of soil.

Phymatotrichum omnivorum also has other unique
survival powers. Taubenhaus et al. (20) observed that
keeping naturally infested soil inundated for 120 days

failed to eradicate the fungus. In laboratory studies,
King (8) showed that 209 of the sclerotia survived
immersion in water for 121 days at room temperature.
Both of these procedures would be detrimental to most
soil-borne fungi.

Neal & Wester (12) and Ezekiel et al. (5) noted the
fungus grew as well in an atm of 259 CO, as in air,
which is 833 times the natural level of CO, in air at
standard conditions of temperature and pressure. When
the CO, concentration was adjusted to 509, there was
ca. 409% reduction in growth rate.

The relationship between CO, tolerance and vertical
distribution in soil of several fungi has been discussed
by Burges & Fenton (2). They found that some fungi
which normally occur in the upper 5cm of soil were
strongly inhibited by CO, concentrations greater than
5%, whereas those from lower depths were generally
more tolerant of elevated CO, levels. Durbin (4) found
a similar relationship between CO, tolerance and ver-
tical distribution for different isolates of Rhizoctonia
solani and a number of other plant-pathogenic fungi.
Those isolates from ground level or aerial portions of
plants were less tolerant of high CO, levels.

It has been reported many times that Phymatotri-
chum root rot is confined to the highly calcareous soils.
Fraps & Fudge (6) found the soil-carbonate content
closely correlated with the disease incidence. In the
High Plains and east Texas where Phymatotrichum
root rot does not occur to any extent, the soil carbonate
content is 0-19. In the Blacklands, Coastal Plain, and
Lower Rio Grande regions of Texas where the disease
occurs abundantly, the carbonate content is as high as
10%.

Apparently, no information is available on the gas-
eous content of the soil environment during sclerotial
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formation by P. omnivorum. This paper presents infor-
mation on changes in CO, during sclerotial formation
in soil-culture chambers.

MATERIALS AND METHODS.—Phymatotrichum scle-
rotia were produced using a modification of the Dunlap
method (3). Air-dried Houston black clay (HBC) was
passed through 1-mm? wire screen. The screened soil
was distributed into 39 wide-mouthed, glass culture
chambers (Fig. 1) in 250-g quantities. Sorghum seed
(25g) was placed on the soil surface and moistened
with 115ml of tap water. All chambers were capped
with a regular screw-type jar lid, which was ventilated
by a 20-mm hole containing a cotton stopper. A gas-
sampling tube constructed of 0.25-inch copper tubing
was situated adjacent to the ventilation port. The gas-
sampling tube was introduced through the lid into the
center of the soil, and the external end of the tube was
sealed to a brass male connector (74 X 4 MPT) with
epoxy resin. A silicone rubber septum was placed over
the outside tube end, and the fitting was capped with
a brass cap (Fig. 1),

The culture chambers were autoclaved for 2 hr at
20 psi steam and 131 C. After cooling, a 6-mm disc of
Phymatotrichum growth on an agar base was introduced
through the cotton-stoppered hole onto the sorghum
seed. Three chambers were retained for the zero-time
reading, and the remainder were placed in a constant-
temperature incubator at 28 C,

The analytical procedure reported by Tackett (19)
was used for all gas determinations. Concentrations of
COs, 0,, and N, were determined in a Beckman Model
GC-2A gas chromatograph with a thermal conductivity
detector. Gas samples were injected into a serial col-
umn made of 100/120-mesh silica gel and 60/80 molec-
ular sieve. The gas chromatograph was operated with
an oven temperature of 70C, current 150ma, and
helium pressure set at 40psi. A Model SR Sargent
recorder, equipped with a disc integrator, was used to
record peak areas for the different gases. A series of
standard gases were injected during each sampling
period to establish known concentrations of gas. Quan-
titation also was made by area normalization, which
agreed very closely with the data obtained from known
standards.

Three cultural chambers were removed at weekly
intervals for gas measurements. A 2-ml sample of gas
was first removed from the sampling port to free the
sampling tube of incumbent gases. A 1-ml sample was
then withdrawn and injected into the gas chromato-
graph. After determining CO,, O,, and N, composition
of the soil gases, the culture-chamber lids were re-
moved and residual sorghum seed and surface my-
celium were discarded. The soil was wet-sieved through
a 16-mesh sieve (U.S. Standard Sieve Series No. 18)
to recover newly-formed sclerotia. These were blotted,
weighed on a Mettler balance for fresh wt, and oven-
dried at 110 C for 24 hr to ascertain dry wt.

Sclerotial yields in sealed cultural chambers and in
vented chambers with or without KOH.—To verify the
influence of CO, on sclerotial yield, a test was con-
ducted in which the sclerotial chambers were modified
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by three different procedures: (i) a nonvented lid cov-
ered the cultural chamber; (ii) a glass well containing
10 ml of 509 KOH was inserted in the center of the
soil in chambers capped with a cotton-stoppered lid;
and (iii) a glass well containing 10 ml of water was
inserted in the center of the soil in chambers capped
with a cotton-stoppered lid. The same cultural and
analytical procedures were followed for this test as re-
ported for the first 2 weeks. Nine chambers, three from
each modification, were examined at weekly intervals
for 12 weeks. Gas analyses and sclerotial yields were
determined on each.

Resurts.—Mycelium colonized the sorghum-seed
substrate quickly and grew through the soil. The CO,
level increased rapidly and reached its maximum con-
centration 2 weeks after inoculation (Fig. 2). At the
end of the 1st week, the CO, concentration of the soil
gas within the culture chambers was more than 30
times that of air. The test was conducted twice with
similar results. Each time, maximum CO, concentra-
tions were recorded at the end of 2 weeks of incuba-
tion.

A rapid accumulation of CO, in the soil appeared to
shift the fungus into a sclerotial-forming stage. After
2 weeks, the fungus was actively producing sclerotia.
Apparently little CO, was evolved during the remaining
growth period, since the level of CO, dropped rapidly
until the sclerotial growth curve peaked at about 8
weeks (Fig. 2). The levels of 0, and N, did not change
significantly during the sampling period. The O, con-
centrations never dropped below 199, in the cotton-
stoppered chambers. A normal growth curve was ob-
tained when the dry wt of sclerotia was plotted for
each sampling period (Fig. 2).

Sclerotial yields in chambers with nonvented lids
more than doubled those with vented lids (Fig. 4). The
maximum accumulation of CO, was at 4 weeks (6.49)
in the sealed chambers; however, this level dropped
rapidly as noted for the first 2 tests (Fig. 3).

Potassium hydroxide added to glass centerwells situ-
ated in the soil was completely neutralized within 1
week, and required changing. Even with weekly
changes, sufficient CO, accumulated in the system to
reach levels 10 times greater than found at standard
conditions. Those chambers with water in the center-
well had CO, accumulating to 0.629, which was lower
than expected. Tt is possible that the glass well inserted
in the center of the soil improved exchange of soil gases
with the ambient environment, thus preventing a
greater accumulation of CO.,.

DiscussioN.—The rise in soil CO, that occurs during
initial stages of sclerotial production by P. omnivorum
suggests a relationship to the biology, habitat, and
pathogenicity of the fungus. The CO, influence also
might be related to distribution of the disease and to
some of the inconsistencies noted in cultural practices
for control, such as deep plowing.

It has been recognized for many years that Phymato-
trichum root rot is confined to highly calcareous soils
in southwestern United States and northern Mexico.
These soils would be able to hold more CO, in the form
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Fig. 1-4. 1) A culture chamber used to monitor soil gases during sclerotial production by Phymatotrichum ommnivorum.
2) Changes in CO. concentration of soil gases during sclerotial formation by P. omnivorum. 3) Carbon dioxide fluctuations
in soil chambers supporting growth and sclerotial development of P. emnivorum. Chambers were (i) sealed to prevent loss
of gases; (ii) vented with a cotton-stoppered hole and fitted with a centerwell containing 50% KOH; and (iii) vented and
fitted with a centerwell containing water. 4) Sclerotial yields of P. omnivorum growing in the soil chambers listed in Fig. 3.
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of bicarbonate ions than noncalcareous soils. The heav-
ier soils also would be less aerated and slow the loss of
metabolic CO,. An accumulation of high levels of CO,
at the proper time might induce P. omnivorum to form
sclerotia, serving to perpetuate the pathogen through
adverse conditions, Sclerotia might not form as readily
in well-aerated soils or those with an acid pH in which
Cco 5 would not accumulate as HCO:.

Another hypothesis that could be advanced concerns
the effect of deep plowing on Phymatotrichum root rot.
In 1907 and 1908, Shear & Miles (16, 17) recom-
mended deep fall plowing along with crop rotation for
controlling Phymatotrichum root rot of cotton. Jordan
et al. (7) found that the best control was achieved
when the deep tillage was done early in the fall and
when the soil was dry. King & Loomis (10) stated
that deep spring plowing showed little or no benefit in
controlling the disease. The inconsistencies noted with
control by deep plowing could be explained by the tim-
ing of the operation. If the soils were deep-plowed
before sclerotial formation, they might not accumulate
sufficient CO, to induce the fungus to form sclerotia.
If the operation were conducted late in the fall or in
early spring, the sclerotia would already be formed and
the plowing operation would appear to be fruitless.
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