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A phytotoxin produced by the sugarcane red rot fungus, Colletotrichum falcatum Went. was partially
purified and its effects studied on sugarcane callus development, plantlet differentiation and shoot growth in
tissue culture. The findings indicate that all the above attributes were markedly reduced by the fungal toxin.
Potential for the possible use of the toxin to produce red rot resistant sugarcane genotypes by pathogen toxin
induced somaclonal variation is examined.
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The red rot disease of sugarcane (Saccharum officinarum) caused by the fungal
pathogen Colletotrichum falcatum Went (Perfect stage: Physalospora tucumanensis
Speg. Arx and Muller) results in very high loss in yield and quality of the crop in the
Indian subcontinent (Alexander and Viswanathan, 1996). Deployment of disease resis-
tant/tolerant cultivars is the major management measure against the disease. The tradi-
tional method to obtain red rot resistant cultivars is by hybridization and selection of
resistant progenies with good yield and quality attributes as determined by disease reaction
in response to pathogen inoculation. However this is a long drawn process and is resource
intensive in terms of land, labour and cost. Hence attempts to generate red rot resistant
genotypes using biotechnological methods are considered useful. Use of tissue culture
and the resulting somaclonal variation for sugarcane improvement is well known (Heinz
et al., 1977; Sreenivasan and Jalaja, 1995). Induction of directed variability to produce
disease resistant somaclones using metabolites of the pathogen in tissue culture has been
attempted in some host pathogen systems (Nyange et al., 1995; Jaisankar et al., 1999). In
vitro techniques and the potential of using phytotoxins of plant pathogens as agents to
select for disease resistance and the problems involved in such procedures have been
reviewed by Daub (1986). 

In sugarcane, production of phytotoxin by the red rot pathogen (Colletotrichum
falcatum) and its role in pathogenesis is known (Olufolaji and Bomgboye, 1986; Mohan-
raj et al., 1995). Rameshsundar et al. (1999) have suggested the use of red rot toxin as a
molecular marker for red rot resistance in sugarcane. Hence the effects of the red rot toxin
on sugarcane in tissue culture which may have the potential to generate toxin/disease resis-
tant somaclones were investigated.
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Materials and Methods

Fractionation of red rot phytotoxin

The sugarcane red rot pathogen Colletotrichum falcatum was isolated by plating
disease affected tissues of the red rot susceptible sugarcane variety CoC 671 on oatmeal
agar. Subsequently the fungus was multiplied on Czapek’s liquid medium for 10 days in
a rotary shaker. The liquid culture was homogenized in a blender, filtered through
Whatman No1 filter paper and the filtrate used as source of pathogen toxin.

The phytotoxin from the culture filtrate was fractionated using the solvent extraction
method of Nair and Ramakrishnan (1973) and partially purified by thin layer chromato-
graphy (TLC) using the procedure of Olufolaji and Bomgboye (1986). The physical and
chemical properties of the toxin as well as its biological activity were ascertained as
described by Mohanraj et al. (1995).    

Production of healthy sugarcane callus

Two sugarcane varieties highly susceptible to red rot disease viz. CoC 671 and CoC
92061 were used for the studies. Sugarcane callus was raised using the innermost leaf
sheath as the explant. The explants were surface sterilized for 2 minutes in 0.1% HgCl2 and
then subsequently in 10% sodium hypochlorite for 10 minutes. Three washes were given
using sterile distilled water. For callus generation MS tissue culture medium (Murashige
and Skoog, 1962) supplemented with 0.5 mg/l each of nicotinic acid, pyridoxine HCl,
thiamine HCl, 2 mg/l of glycine and 3 mg/l 2–4D was used. Surface sterilized very small
tissue samples of the above two sugarcane varieties were plated on the medium and
incubated at 20–25 ºC. After 20 days of growth the embryogenic calli developed from the
tissues were subsequently multiplied and used for all toxin related studies.

Survival of calli in toxin incorporated medium

MS tissue culture medium with the required supplements was prepared, the partially
purified red rot toxin incorporated in it, at concentrations of 100, 500, 1000, 1500, 2000
and 2500 µg/ml and sterilized. Very small fragments of viable embryogenic calli growing
in toxin free MS medium were transferred to the MS callus medium containing the above
concentrations of the partially purified red rot toxin. The cultures were incubated at 20 ºC
for 25 days and the percentage of callus clumps which survived and continued to regene-
rate and proliferate was recorded. The per cent calli that failed to regenerate at different
toxin concentrations is presented in Fig 1. Five replications with 25 callus clumps each were
maintained.

Effect of partially purified toxin on shoot initiation and plantlet development 
of sugarcane calli

After 25 days of growth in MS callus medium with different concentrations of the
red rot toxin very small fragments of embryogenic calli grown with toxin concentrations
of 0, 1500, 2000 and 2500 µg/ml were subcultured onto MS differentiating medium (with
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3 mg of NAA/l, 2 mg of kinetin/l) containing the same concentrations of the phytotoxin
and incubated at 20 ºC. After 20 days of incubation the per cent callus explants, which
showed shoot differentiation (Table 1) was recorded. Five replications with 25 callus
clumps each were maintained.

Effect of red rot toxin on shoot growth of differentiating plantlets  

From the calli showing shoot differentiation (shoot initials) in MS differentiating
medium with 0, 1500, 2000 and 2500 µg/ml concentrations of the red rot phytotoxin very
small fragments of uniform size and growth were selected. They were freshly transferred
to MS differentiating medium containing the same concentrations of red rot toxin and
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Toxin Shoot differentiation (%)
concentration Varieties

(µg/ml) CoC 671 CoC 92061

00 100.0 100.0
1500 78.4 70.4
2000 64.0 56.8
2500 42.2 43.2

Table 1

Effect of red rot toxin on shoot differentiation and plantlet development of sugarcane calli

Fig. 1. Effect of partially purified red rot toxin on initial survival of sugarcane calli



incubated for 1 month at 20 ºC. The cultures were subject to fluorescent lighting (2000
lux) and darkness for 16 and 8 h, respectively. After 30 days of growth the growing
plantlets were examined for differences in shoot height (mm) and the per cent reduction in
growth between plantlets grown on toxin free medium and those on toxin incorporated
medium was recorded (Table 2). Three replications with 15 shoots each selected randomly
were maintained.

Results

The findings of the study presented in Fig. 1 clearly indicate the marked inhibitory
effect of the pathogen toxin on regeneration and development of calli of the two red rot
susceptible sugarcane varieties. At a concentration of 2500 µg/ml the toxin reduced the
viability of callus clumps by more than half. The callus clumps, which did not survive
long initially showed discoloration and subsequently dark brown necrosis and death of
the tissues (Fig. 2. A and B).

When the surviving calli at different toxin concentrations were transferred to MS
differentiating medium containing the respective concentrations of the phytotoxin plantlet
differentiation and shoot initiation were markedly reduced (Fig. 2. C and D). In a toxin free
medium all the callus clumps produced shoot differentiation while at a toxin concentration
of 2500 µg/ml only less than 50% of the calli produced differentiating shoots. Similarly
the pathogen toxin severely inhibited shoot growth as determined by measurement of
shoot height. By 30 days after subculturing there was a reduction of 28.8 and 31.1 per cent
in shoot growth of the two sugarcane varieties with a toxin concentration of 1500 µg/ml.
During the same period reduction in shoot height of the varieties CoC 671 and CoC 92061
were 66.6 and 73.3 per cent, respectively, at a toxin concentration of 2500 µg/ml.

When the observations were continued up to 90 days it was observed that reduction
in shoot growth continued to occur through out the duration of the studies with all the
concentrations of the phytotoxin used. However the reduction in shoot growth observed
between 30–60 and 60–90 days was much less than that observed initially at 30 days.
Ninety days after subculturing the variety CoC 92061 showed 91.1% reduction in shoot
growth compared to the growth in a toxin free substrate. In general the phytotoxin was
slightly more inhibitory to the calli of the sugarcane variety CoC 92061 than CoC 671.
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Toxin Per cent inhibition of shoot growth over control
concentration Varieties

(µg/ml) CoC 671 CoC 92061
30 days 60 days 90 days 30 days 60 days 90 days

1500 28.8 31.1 40.0 31.1 33.3 42.2
2000 44.4 51.1 57.7 46.6 55.5 62.2
2500 66.6 77.7 86.6 73.3 82.2 91.1

Table 2

Effect of red rot toxin on shoot differentiation and plantlet development of sugarcane calli
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Fig. 2. Effect of red rot phytotoxin on callus regeneration and shoot differentiation. 
A) Calli in toxin incorporated medium; 

B) Calli in toxin free medium; 
C) Inhibition of shoot differentiation in toxin amended differentiating medium; 

D) Profuse differentiation and shoot growth in toxin free medium



Discussion

The sugarcane plant is known to possess certain specific advantages to generate
genetic variability using tissue culture techniques. The commercial cultivars of the plant
are hybrids and many varieties are derived as interspeific hybrids from different species
of Saccharum. It is reported to be highly polyploid and heterozygous in genetic consti-
tution (Sreenivasan and Jalaja, 1982; Maretzki, 1987). The phenomenon of chromosomal
mosaicism is known to be prevalent in the plant which implies that different parts of
sugarcane tissue could have different genetic constitution (Sreenivasan and Jagathesan,
1975). This renders the plant more suitable to generate directed genetic variability in the
form of somaclones using external agents. The potential to use phytotoxins of plant
pathogens as agents for selection for disease resistance or tolerance in tissue culture
systems and problems involved in such attempts have been reviewed by Daub (1986). In
sugarcane itself toxin produced by the eye spot pathogen (Helminthosporium sacchari)
has been used to develop genotypes resistant to the disease (Steiner and Byther, 1971). 
A preliminary step to obtain pathogen toxin resistant host somaclones is to subject the
calli to the toxin and to select the tolerant ones for further development of plantlets. 

The results of the study clearly show that the red rot phytotoxin markedly inhibits
development of sugarcane tissues at all stages viz. callus initiation and growth, shoot
differentiation and shoot growth. Mohanraj et al. (1995) have reported that relatively high
concentrations of the red rot toxin were required to induce disease symptoms in the host.
Similarly in tissue culture also even the high concentrations of the toxin used resulted in
a limited survival of the calli and shoot differentiation, suggesting that more sensitive
responses could be obtained by using further purified phytotoxin which could be effective
even at low concentrations. The brownish discoloration of the calli associated with
necrosis in toxin incorporated medium suggests the involvement of phenolic compounds
and their oxidation products similar to those observed in sugarcane plants infected with
the red rot pathogen (Chiranjivi Rao et al., 1968). The gradual selection of the tissues for
higher resistance to the toxin is apparent from the observation that the tissues finally
surviving the toxin at the different stages result in a small proportion of viable shoots
which may have the potential to develop into disease resistant genotypes.

Many species of Colletotrichum are known to produce phytotoxins. The physio-
logical activity and chemical nature of Colletotin a toxin produced by Colletotrichum
fuscum was reported by Goodman (1959). Several reports are available on the production
of phytotoxic metabolites by species of Colletotrichum (Goodman, 1960; Grove et al.,
1966; Ballio et al., 1969; Kimura et al., 1973; Gohbara et al., 1978; Goddard et al., 1979).
Production of phytotoxin by the turmeric (a monocot plant) leaf spot pathogen Colleto-
trichum capsici and its involvement in disease induction was reported by Nair and Rama-
krishnan (1973). Different phytotoxin are known to have different modes of action.
Kimura et al. (1973) reported that a phytotoxin produced by Colletotrichum lagenarium
was found to function as an antiauxin. Sensitivity of sugarcane clones relating to electro-
lyte leakage caused by Helminthosporium sacchari toxin has been reported (Scheffer and
Livingston, 1980).
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Although there are several reports available on the use of pathogen toxins in tissue
culture to evolve disease resistant genotypes of host plants, only a few reports are available
on similar attempts with species of Colletotrichum. Narain and Das (1970) have used the
phytotoxin produced by Colletotrichum capsici to study disease resistance in Chillies in
tissue culture. Similarly in coffee studies have been carried out on the generation
somaclones resistant to the anthracnose pathogen Colletotrichum kahawae in tissue
culture using the pathogen toxin (Nyange et al., 1995). Responses of embryogenic mango
cultures to a partially purified phytotoxin produced by Colletotrichum gloeosporioides
have been reported to be useful criteria in the selection of disease resistant genotypes
(Jaisankar et al., 1999).

The results of the present study suggest the possibility of generating somaclones
resistant to red rot toxin using tissue culture techniques. With this objective, the small
proportion of surviving shoots at high toxin concentration are being rooted to be condi-
tioned and clonally multiplied for evaluation of disease reaction. In addition the partially
purified red rot toxin is being further purified with a view to obtain the toxin fraction
capable of inducing toxin resistant sugarcane somaclones at very low concentration.

Acknowledgements

The authors are thankful to Dr. N. Balasundaram, Director, Sugarcane Breeding Institute, Coimbatore
for providing facilities for the work. The financial grant by the Indian Council of Agricultural Research for a
project of which the above work formed a part is gratefully acknowledged.

Literature 

Alexander, K. C. and Viswanathan, R. (1996): Major diseases affecting sugarcane production in India and recent
experiences in quarantine. In: Croft, B. J., Piggin, C. M., Wallis, E. S. and Hogarth, D. M. (eds):
Sugarcane Germplasm Conservation and Exchange. ACIAR Proceedings No. 67. Canberra, Australia. pp.
46–48.

Ballio, A., Bottalicao, A., Buonocore, V., Carilli, A., Di Vittorio, V. and Graniti, A. (1969): Production and isolation
of aspergillomarasmin B (Lyco-marasmic acid) from cultures of Colletotrichum gleosporioides Penz.
(Gloeosporium olivarum. Alm.). Phytopathol. Medittern. 8, 187–196.

Chiranjivi Rao, K., Krishnamurthy, T. N., Lalitha, E. and Rajalaksmi, V. K. (1968): Phenols in relation to resis-
tance of sugarcane varieties to red rot disease. Curr. Sci. 37, 532–534.   

Daub, M. E. (1986): Tissue culture and the selection of resistance to pathogen. Ann. Rev. of Phytopathology 24,
159–186.

Goddard, R., Hatton, I. K., Howard, J. A. K., Macmillon, J. and Simpson, T. J. (1979): Fungal products part 22.
X ray and molecular structure of the mono acetate of colletotrichin. J. Chem. Soc. Perkin Trans. 1,
1494–1498.

Gohbara, M., Kosuge,Y., Yamasaki, S., Kimura, Y., Suzuki, A. and Tamura, S. (1978): Isolation, structure and
biological activities of Colletotrichins, phytotoxic substances from Colletotrichum nicotianae. Agric.
Biol. Chem. 42, 1037–1043.

Goodman, R. N. (1959): Observation on the production, physiological activity and chemical nature of Colletotin,
a toxin from Colletotrichum fuscum. Laub. Phytopathol. Z. 37, 187–194.

Goodman, R. N. (1960): Colletotin a toxin produced by Colletotrichum fuscum. Phytopathology 50, 325–327.

Mohanraj et al.: Phytotoxin of Colletotrichum falcatum

Acta Phytopathologica et Entomologica Hungarica 38, 2003

27



Grove, J. F., Speake, R. N. and Ward, G. (1966): Metabolic products of Colletotrichum capsici: Isolation and
characterization of acetylcolletotrichin and colletodial. J. Chem. Soc. C. pp. 230–234.

Heinz, D. J., Krishnamurthi, M., Nickel, L. G. and Maretzki, A. (1977): Cell, tissue and organ culture in
sugarcane improvement. In: Reinert, J. and Bajaj, Y. P. S. (eds): Plant, Cell, Tissue, and Organ Culture.
Springer Verlag, Berlin, Heidelberg and New York. pp. 3–17.

Jaisankar, S., Litz, R. E., Gray, D. J. and Moon, P. A. (1999): Responses of embryogenic mango cultures and
seedling bioassay to a partially purified phytotoxin produced by a mango leaf isolate of Colletotrichum
gloeosporioides, Penz. in vitro. Cellular and Developmental Biology Plant 35, 475–479. 

Kimura, Y., Inoue, T. and Tamura, S. (1973): Isolation of 2 pyruvoylaminobenzamide as an antiauxin from
Colletotrichum lagenarium. Agric. Biol. Chem. 37, 2213–2214.

Maretzki, A. (1987): Tissue culture: its prospects and problems. In: Donj. Heinz. (ed.): Sugarcane Improvement
Through Breeding. pp. 343–384.     

Mohanraj, D., Padmanaban, P., Jothi, R. and Alexander, K. C. (1995): Possible role of phytotoxin(s) in red rot
disease of sugarcane. In: Agnihotri, V. P., Sinha, O. K. and Singh, R. P. (ed.): Proceedings of the National
Seminar on Strategies for Research and Management of Red Rot. IISR. Luknow, pp. 263–270.

Murashige, T. and Skoog, F. (1962): A revised medium for rapid growth and bioassays with tobacco cultures.
Physiol. Plant 15, 473–497. 

Nair, M. C. and Ramakrishnan, K. (1973): Production of toxic metabolites by Colletotrichum capsici (Syd).
Butter and Bisby and its role in leaf spot of turmeric. Curr. Sci. 42, 362–363.

Narain, A. and Das, D. C. (1970): Toxin production during pathogenesis of Colletotrichum capsici causing
anthracnose of Chillies. Indian Phytopathol. 23, 484–490.

Nyange, N. E., Williamson, B., Mcnicol, R. J., Lyon, G. D. and Hackett, A. (1995): In vitro selection of Coffea
arabica callus for resistance to partially purified phytotoxic culture filtrates from Colletotrichum kahawae.
Ann. Appl. Biol. 127, 425–439.

Olufolaji, P. B. and Bomgboye, A. O. (1986): Production, partial characterization and bioassay of toxins from
Physalospora tucumanensis Speg. Sugarcane red rot fungus. Cryptogamie. Mycol. 7, 331–334.

Rameshsundar, A., Viswanathan, R., Padmanaban, P. and Mohanraj, D. (1999): Studies on the use of pathogen
toxin as a molecular marker for red rot resistance in sugarcane. Acta Phytopathol. et Entomol. Hungarica
34, 211–217.  

Scheffer, R. P. and Livingston, R. S. (1980): Sensitivity of sugarcane clones to toxin from Helminthosporium
sacchari as determined by electrolytic leakage. Phytopathology 70, 400–404. 

Sreenivasan, T. V. and Jagathesan, D. (1975): Meiotic abnormalities in Saccharum spontanium. Euphytica 24,
543–549. 

Sreenivasan, T. V. and Jalaja, N. C. (1982): Sugarcane improvement through tissue culture. In: Sew, S. K. and
Giles, K. L. (eds): Plant Cell Culture in Crop Improvement. Plenum, New York. pp. 371–376. 

Sreenivasan, T. V. and Jalaja, N. C. (1995): Utility of tissue culture technology in sugarcane improvement. Ann.
Conv. DSTA, Pune, India. 44, 1–9. 

Steiner, G. W. and Byther, R. S. (1971): Partial characterization and use of a host specific toxin from Helmintho-
sporium sacchari on sugarcane. Phytopathology 61, 691–695.

Mohanraj et al.: Phytotoxin of Colletotrichum falcatum

Acta Phytopathologica et Entomologica Hungarica 38, 2003

28




