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ABSTRACT

YANG, S. M. 1979. Effect of aerated steam on the red-rot pathogen in sugarcane stalks. Phytopathology 69:702-705.

Autoclaved sugarcane leaf-pieces were used to study the viability of
Colletotrichum falcatum in bud tissues of sugarcane cultivars Co 290 and
CP 65-357 treated with aerated steam and untreated. Aerated-steam treat-
ment (AST) at 51 C for 4 and 5 hr killed C. falcatum in 61 and 75% of
naturally infected buds, respectively, and AST at 52 C for 4 and 5 hr killed
C. falcatum in 88 and 91%, respectively. Aerated-steam treatment at 52 C

Additional key words: Physalospora tucumanensis.

for 4 and 5 hr, killed the pathogen in naturally infected leaf sheaths and leaf
midribs, stalk borer-tunneled internodes, and inoculated internodes. No
more than one bud per stalk was found to have viable C. falcatum after AST
of stalks at 52 C for 4 hr. Aerated-steam treatment at 52 C for 4 hr did not
affect the germination of buds of CP 65-357, but significantly reduced the
germination of buds of Co 290.

Red rot of sugarcane (Saccharum interspecific hybrids), which is
caused by Physalospora tucumanensis Speg. (conidial state = Col-
letotrichum falcatum Went), is a major disease of sugarcane and
has caused the failure of important commercial cultivars in many
areas of the world, including Australia, India, Taiwan, Louisiana
(USA), and Hawaii (USA) (1).

The red-rot pathogen is present in or on seed cane at planting; it
occurs in the growth cracks, in an incipient infection in buds and
leaf scars, and in tunnels bored in the stalks by larvae of the
sugarcane borer (Diatraea saccharalis F.) (1). The most important
means of transmission of the pathogen from one crop to the next in
Louisiana is in seed cane that is taken from infected stalks (1).
Elimination of the pathogen in seed cane before planting, therefore,
would be expected to control red rot.
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Cifuentes et al (3) reported that aerated-steam treatment (AST)
at 51 C for 4 hr controls ratoon stunting disease of sugarcane, but
they did not determine whether AST would eliminate the red-rot
pathogen in the seed cane.

This paper describes a technique for detection of C. falcatum in
seed canes, and reports the results of 2 yr of study on the effect of
AST on the survival of C: falcatum in naturally infected buds, leaf
scars, leaf sheaths, leaf midribs, borer tunnels, and inoculated
internodes.

MATERIALS AND METHODS

A technique was developed to detect viable C. falcatum in bud,
leaf scar, and other tissue samples of sugarcane. Each bud or leaf
scar sample was placed on an autoclaved sugarcane leaf-piece (2.5
X 1.5 cm, autoclaved at 121 C for 4 hr) on sterile, moistened filter
paper in a petri dish. There usually were eight leaf pieces per petri
dish; some of the leaf pieces were left without a tissue sample to



serve as control. After 4-5 days at room temperature (20-27 C),
the sample was removed, and the leaf piece was examined micro-
scopically at X80. The formation of setae with amerospore masses
on the leaf piece (Fig. 1) indicated the presence of viable C. fal-
catum in the sample. Samples from stalks included the bud and
four pieces of leaf scar from each of the 8 to 10 nodes of the mature
part of the stalk. When other tissues were sampled, namely, leal
sheath, leaf midrib, sugarcane-borer-damaged internode, or inocu-
lated internode, each sample consisted of eight subsamples placed
on two to four leaf pieces; if one or more subsamples indicated the
presence of C. falcatum, the entire sample was scored as positive.

Oatmeal agar (OMA) was also used for isolation of C. falcatum
in buds (1,6) and leaves (1) of sugarcane; the dehydrated oatmeal
agar (Difco) was suspended in cold water, heated to boiling with
constant stirring and autoclaved (121 C, 15 min).

The methods of detecting viable C. falcatum, sugarcane leaf-
piece and OMA, were compared by using buds halved longitudi-
nally, one-half of each bud for each method. In two tests with
cultivar Co 290, there were a total of 156 buds from 20 stalks. The
bud-halves for OMA were soaked in 0.74% NaOCl solution for 10
min, in sterile water for 5 min, dried, and then placed on OMA,
four per plate. The other bud-halves were soaked in sterile water for
5 min, dried, and placed on autoclaved leaf-pieces. After 4-5 days,
each bud-half on autoclaved leaf-pieces was examined directly
under the microscope to determine the number of buds infected
with C. falcatum; the number of infected buds determined directly
was compared with the number of bud-halves scored positive by the
OMA and leaf-piece methods.

Sugarcane was treated with aerated steam in a hot-air treatment
unit in the Department of Plant Pathology, Louisiana State Uni-
versity, Baton Rouge (4). Steam-heated air was injected into the

chamber from the bottom. Samples were placed on a shelf, with five
shelves in a unit. Thermocouples were placed inside and outside of
cane stalks, and at various locations throughout the cane within the
chamber. Temperature in the cane stalks and chamber reached
equilibrium (51 or 52 C) within | hr and was maintained (+1 C)
for 1-5 hr. In order to prevent the treated samples from becoming
contaminated with C. falcatum during transportation, each treated
sample was kept in a polyethylene bag after treatment. Disposable
plastic gloves were used to place the treated sample in the polyeth-
ylene bag. New gloves were used for each sample. The untreated
samples also were kept in polyethylene bags.

Stalks (seed canes) of sugarcane cultivars Co 290 and CP 65-
357, and leaves of CP 65-357 with midrib lesions, were collected in
the field 1 day before treatment. Cultivar Co 290 is highly suscepti-
ble to C. falcatum (1) and CP 65-357 is moderately susceptible (2).
In the 1976 test, for each cultivar 30 stalks stripped of leaf sheaths
and leaf blades, 30 leaves, and 30 inoculated two-node cuttings
were treated at 51 and 52 C for 2-5 hr. Ten leaves and 10 cuttings
of each cultivar were removed from the treatment chamber after 2,
3, and 4 hr of treatment, and 15 stalks were removed after 4 and 5
hr. In the 1977 test, 15 stalks of each cultivar, 15 stalks of CP 65-
357 tunneled by the sugarcane borer, and 15 stalks of CP 65-357
inoculated with C. falcatum in the field were treated at 52 C for
each 4 and 5 hr. The stalks used in 1977 were not stripped. Each
treatment was repeated once. Untreated samples were used as con-
trols for each treatment.

Two-node cuttings were inoculated in the laboratory and growing
stalks were inoculated in the field 8-12 wk before heat treatment.
Mixed spore suspensions of isolates of C. falcatum were injected
into holes drilled into the internode. Alternate internodes were
inoculated on stalks of growing canes. Before inoculation, the sur-

Fig. 1. Photomicrograph showing setae with amerospore masses of Colletotrichum falcatum yielded from a sugarcane bud incubated on an autoclaved
sugarcane leaf piece. Growth of other fungi from the same bud on the leaf piece did not mask the identity of C. falcarum, the causal agent of red rot of sugar-

cane.
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face of two-node cuttings was disinfected with tap water and 1%
NaOC] solution. The inoculated cuttings were incubated in poly-
ethylene bags on laboratory benches.

For studying the effect of AST on germination of sugarcane, one-
node cuttings were prepared from five stalks treated at 51 and 52 C
for 4 and 5 hr and five untreated stalks. In 1976, the cuttings were
placed between layers of newspaper that had been moistened with
0.5% Lysol solution in wooden flats and incubated at 36 C for 30
days. In the 1977 tests, the one-node cuttings were planted in
sterilized vermiculite in flats and incubated on greenhouse benches
(20-36 C) for 30 days. Water was added as needed. In the second
1977 test, five treated and five untreated stalks of CP 65-357 also
were planted in the greenhouse.

RESULTS

Detection of Colletotrichum falcatum in buds of untreated sugar-
cane stalks on autoclaved leaf-pieces and on oatmeal agar (OMA).
The leaf-piece method detected C. falcatum in more buds than
OMA. A direct microscopic examination showed that the fungus
was present in 94 of 156 buds compared by the half-bud method. Of
the 94 buds, the autoclaved leaf-piece method and OMA detected
81 and 65% infection, respectively. The difference in percentage of
infection detected with the media was significant (P = 0.05, LSD
test).

In this experiment, as in all subsequent tests, autoclaved leaf-
pieces left as controls showed no C. falcatum.

Species of Curvularia, Mucor, and Trichoderma were found in
most of OMA plates. They covered the plates and made it difficult
to detect colonies of C. falcatum. Some fungi also were found on
autoclaved leaf-pieces, but these did not mask C. falcatum (Fig. 1).

Percentage of buds infected with viable Colletotrichum falcatum
per untreated stalk. Colletotrichum falcatum was present in all of
60 untreated stalks of Co 290, but not in all of the 60 stalks of CP
65-357. It was not found in every bud of tested stalks. The highest
percentage of buds infected with C. falcatum was 72% per stalk.
The average percentage of buds infected with viable C. falcatum
per stalk was 52% for Co 290, and 30% for CP 65-357. The differ-
ence was significant (P = 0.01, LSD test).

Elimination of Colletotrichum falcatum in the tunnels of sugar-

cane borer larvae and in inoculated internodes by aerated-steam
treatment. When sugarcane borer-tunneled internodes were tested
on autoclaved leaf-pieces, C. falcatum was detected in 44% (28 of
64) of them. Colletotrichum falcatum was isolated from less than
3% (2 of 67) of tunneled internodes of stalks treated with aerated
steam at 52 C for 4 hr and from none (zero of 66) of those treated at
52 C for 5 hr. The tunneled internodes for each treatment were
obtained from 20 stalks in two tests.

Colletotrichum falcatum was recovered from 100% (40 of 40) of
the inoculated two-node cuttings and from 84% (36 of 43) of the
inoculated internodes of growing stalks. The AST at 51 or 52 C for
2 hr eliminated C. falcatum from the cuttings, and the AST at 52 C
for 4 hr eliminated it from the internodes of unstripped stalks.
Shorter treatments were not tried with inoculated stalks.

Reduction of the percentage of buds with viable Colletotrichum
falcatum by aerated-steam treatment at 51 and 52 C for 4 and 5 hr.
The percentage of buds infected with viable C. falcatum was signif-
icantly reduced by AST, according to Waller and Duncan’s Baye-
sian multiple comparison test (7) (Table 1). The reduction
increased with the increases in treatment temperature and time.
The reductions were similar whether the stalks were stripped (1976
test) or unstripped (1977 test).

In both cultivars, C. falcatum was detected in significantly fewer
leaf scars on stalks given AST than on untreated stalks. For Co 290,
the percentage of nodes with leaf scars yielding C. falcatum was
30% for untreated stalks; 11 and 8% for stalks treated at 51 C for 4
and 5 hr, respectively; and 5 and 3% for those treated at 52 C for 4
and 5 hr, respectively. The comparable figures for CP 65-357 were
21%, 8, and 6%, and 3 and 2%, respectively.

Elimination of Colletotrichum falcatum in the leaf sheaths and
midribs by aerated-steam treatment. Colletotrichum falcatum was
detected in 82% of untreated leaf sheaths and in 95% of untreated
leaves with leaf-midrib lesions. The red-rot pathogen was not
detected in the leaf sheaths after treatment at 52 C for 4 hr. The
detection of C. faleatum from leaves with midrib lesions was
reduced 85, 98, and 98%, respectively, by treatment at 51 C for 2, 3,
and 4 hr; and reduced 88, 100, and 100%, respectively, by treat-
ment at 52 C for 2, 3, and 4 hr.

Effect of aerated-steam treatment on seed cane germination of the

TABLE 1. Effect of aerated-steam treatment of whole sugarcane stalks on infection with Colletotrichum falcatum in buds and on germination of one-node

cuttings prepared from the treated stalks

Infection with

C. falcatum in buds Germination of

Treatment Buds from one-node cuttings
Temp- 20 stalks Cuttings from Germ-
erature Time tested Infection 5 stalks tested ination

Year® Cultivar (©) (hr) (no.) (%) (no.) (%)
1976 Co 290 51 4 172 25 78 89
51 5 162 14 80 75
52 4 160 7 79 69
52 5 167 5 74 54
Room”® 165 60 74 92
CP 65-357 51 4 175 17 79 92
51 5 171 12 76 89
52 4 164 8 74 85
52 5 162 6 73 55
Room 179 46 81 95

WD-B (k = 100) LSD 12.0 15.6
1977 Co 290 52 4 164 5 68 65
52 5 168 3 73 42
Room 161 52 74 90
CP 65-357 52 4 163 4 85 90
52 5 162 3 75 71
Room 165 35 83 91

WD-B (k = 100) LSD 14.4 12.5

“Stalks were stripped of leaves before treatment in 1976, but not in 1977.
"’Ruom temperature was about 24 + 3 C,
‘“WD-B LSD indicates Waller-Duncan Bayensian LSD (7).
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two cultivars. In one-node cuttings, the two cultivars differed in
tolerance of the heat treatment (Table 1). The germination of buds
of Co 290 was significantly reduced by AST at 51 C for 5 hr, and 52
C for 4 hr, but the germination of CP 65-357 was significantly
reduced only by AST at 52 C for 5 hr. The effect of AST on
germination of cuttings of sugarcane borer-damaged and artifi-
cially inoculated stalks (data not shown) was similar to its effect on
germination of cuttings for the uninoculated control. Tests have not
been run with canes of varying degree of hardness. In these experi-
ments, field-grown canes were used. No attempt has been made to
harden or adapt the cane to increase resistance to heat.

The effect of AST on the germination of CP 65-357 may be less
for whole stalks than for cuttings. Five stalks treated at 52 C for 4
hr, five treated for 5 hr, and five untreated stalks produced 34, 28,
and 34 shoots, respectively.

DISCUSSION

The autoclaved leaf-piece technique has the following advan-
tages over the OMA method for detection of C. faleatum: (i)
Sensitivity—A higher percentage of buds infected with C. fal-
catum yielded the pathogen on leaf pieces than on OMA. Some of
the apparently greater sensitivity of the leaf-piece technique may
reflect a greater concentration of C. falcatum on the surface rather
than within the tissue. The fungicidal effect of the surface disinfes-
tant used with OMA might contribute to the apparently lower
sensitivity of the OMA method. (ii) Specificity—Under the micro-
scope, C. falcatum is easily distinguished from other fungi on the
sugarcane leaf-piece. This facilitates its detection. (iii) Speed—A
technician not trained in mycology easily can examine 50 leaf
pieces in 1 hr (iv) Ease—Samples need not be surface sterilized.

Nonsporulating isolates of C. falcatum, which have been noted
on OMA (5), have not been found on autoclaved leaf-pieces, but
the search for them has been less extensive with the leaf-piece than
with the OMA technique.

Although direct microscopic examination for C. faleatum would
give an index of infection, it would not indicate whether the patho-
gen is viable. If the viability of the pathogen after heat treatment is
to be determined, the technique must be able to demonstrate the
growth of the pathogen.

The percentage of buds with viable C. falcatum per stripped stalk
in the 1976 test was similar to that per unstripped stalk in the 1977
test. Also, the percentage of reduction in C. falcatum infections by
AST was similar in unstripped and stripped stalks. Leaves and leaf
sheaths attached to the stalks do not reduce the effectiveness of

AST.

Conditions strongly favoring set germination were used to deter-
mine the effect of AST on viability of buds. Under such conditions,
C. falcatum does not always reduce set germination, even in a
susceptible cultivar (1). This finding may be the reason that more
than 90% of the cuttings from untreated stalks of cultivar Co 290
germinated even though C. falcatum was associated with more
than 50% of them.

C. faleatum occurs in seed cane in borer tunnels, growth cracks,
buds, and leaf scars, and the red-rot disease caused by this fungus is
responsible for poor germination of sugarcane (1). Whether all
infection sites are equally important for the poor germination of
planted seed cane is unknown; under Louisiana conditions, red rot
seems often associated with borer injury. AST at 52 C for 5 hr
eliminated the pathogen from borer tunnels and inoculated inter-
nodes, and from 91% of buds, and 97% of leaf scars. Although the
number of infected nodes per stalk required to reduce germination
significantly in the field is unknown, the low frequency of infected
nodes in treated seed cane, combined with the limited spread of red
rot within the seed cane of the resistant varieties grown in Louisi-
ana, suggests that AST at 52 C for 5 hr could effectively control the
disease. This method warrants further research to determine if
AST will control the disease under field conditions.
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