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Abstact.
Rivera-Castañeda, G., Martínez-Téllez, M.A., Vallejo-Cohen,
S., Alvarez-Manilla, G., Vargas-Arispuro, I.C., Moya-Sanz, P.
y Primo-Yúfera, E. 2001. In vitro Inhibition of mycelial growth
of Tilletia indica by extracts of native plants in Sonora,
Mexico. Revista Mexicana de Fitopatología 19:214-217.
Few commercial fungicides have been effective in inhibiting
teliospore germination of Tilletia indica, the causal agent of
Karnal bunt of wheat. This disease is becoming more
widespread , in part, because of the lack of effective chemical
control. Various extracts of native plants from Sonora, Mexico,
were evaluated to determine their antifungal activity against
T. indica. Dichloromethane (DCM) and methanol (MeOH)
extracts  were incubated with the fungus to measure inhibition
of mycelial growth. DCM extracts from Chenopodium
ambrosiodes and Encelia farinosa reduced the radial mycelial
growth, but total inhibition occurred with 500 mg/ml of the
DCM extract from Larrea tridentata. Teliospores subjected
to this treatment showed no viability when transferred to
fresh culture media. None of the evaluated extracts stimulated
fungal growth. The extract from L. tridentata show potential
as control agent for T. indica.

Additional keywords: Karnal bunt, Neovossia indica,
chemical control, plant extracts.

Resumen. Existen pocos fungicidas comerciales que han sido
efectivos en inhibir la germinación de teliosporas de Tilletia
indica, el agente causal del Carbón Karnal del trigo. Esta
enfermedad se ha distribuido ampliamente, en parte, por la
carencia de un control químico eficiente. Varios extractos de
plantas nativas de Sonora, México, se evaluaron para
determinar su actividad antifúngica contra T. indica. Los
extractos diclorometano (DCM) y metano (MeOH) se
incubaron con el hongo para medir la inhibición en el
crecimiento micelial. Los extractos DCM de Chenoposium
ambrosiodes y Encelia farinosa redujeron el crecimiento
micelial radial de T. indica, pero una inhibición total ocurrió

con 500 mg/ml del extracto DCM de Larrea tridentata. Las
teliosporas tratadas con este extracto, no mostraron viabilidad
cuando se transfirieron a medio de cultivo fresco. Ninguno
de los extractos evaluados estimularon el crecimiento del
hongo. El extracto de L. tridentata mostró potencial como
agente de control para T. indica.

Palabras clave adicionales: Carbón Karnal, Neovossia indica,
control químico, extractos de plantas.

Karnal bunt or partial bunt of wheat is caused by the fungus
Tilletia indica Mitra, a disease first reported in Mexico in
1972 by Durán. This disease has become an important problem
for wheat growers and certified seed producers in
northwestern Mexico due to export restrictions (Fuentes-
Dávila et al., 1996) as well as for the bordering southwestern
United States. In mature grains the disease appears as sori
enclosing a black powdery teliospore mass. Infection of the
wheat florets by wind-borne sporidia occurs after emergence
of the spike. The disease has a minor effect on yield, but may
affect wheat quality if the level of infected grain is greater
than 3%. Several countries have imposed quarantine measures
to avoid the spread of T. indica. For example, Mexican
authorities have established regulations that limit the
exchange and distribution of wheat and triticale germplasm
between countries (Delgado, 1984). Several fungicides for
seed and foliar treatment have been shown to be useful in the
management of the disease (Smilanick et al., 1987); however,
they are not 100% effective and not economically profitable.
Plants produce a wide variety of natural compounds that
possess antifungal activity (Hoffmann et al., 1983). Some
antifungal agents could be a promising alternative to control
Karnal bunt; therefore, the objective of this study was to
evaluate the ability of extracts from native plants to inhibit
mycelial growth. A quantitative assay was set up to test the
effect of 40 plant extracts, 20 obtained with dichloromethane
(DCM) and 20 with methanol (MeOH), on the growth of T.
indica on PDA media over time.
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MATERIALS AND METHODS
Plant material. Twenty native plants species from Sonora,
Mexico, were collected and used for this study. These were:
Ambrosia ambrosioides, Argemone mexicana, Atriplex
elegans, Avicennia germinans, Baccharis glutinosam,
Bursera microphylla, Catharanthus roseus, Chenopodium
ambrosioides, Datura stramonium, Encelia farinosa,
Euphorbia postrata, Euphorbia hyssopifolia, Jatropha
cinerea, Larrea tridentata, Melia azedarach, Nerium
oleander, Proboscidea parviflora, Ricinus communis,
Rizophora mangle, and Turnera diffusa. Once collected,
plants were dried and stored in the dark at room temperature
before processing.
Preparations of extracts. Leaves and stems from dried plants
(55 g) were extracted with dichloromethane (DCM) (1000 ml)
using a Soxhlet apparatus. These extracts were labeled as
DCM extracts for the experiment. A further extraction with
methanol (MeOH) (1000 ml) was made on residues of the
DCM extracts, and labeled MeOH extract. Plant extracts were
then evaporated under reduced pressure in a rotary
evaporator at 40°C and 700 mmHg. DCM and MeOH extracts
were dissolved in 100 ml acetone or 100 ml distilled water,
respectively and used for the antifungal assays. Extracts were
incorporated into potato-dextrose-agar medium (PDA; Difco
Laboratories, Detroit, MI, USA) at concentrations of 0, 100,
200, 300, 400, and 500 µg/ml.
Antifungal assays. Assays for inhibition of fungal growth
were performed using secondary sporidia of T. indica, which
were grown on PDA, according to the procedure described
by Fuentes-Dávila et al. (1996). Pieces of colonized agar were
transferred onto the lids of sterile glass petri plates which
contained sterile water (5 ml). Sporidia were collected every
24 h, counted using a hemacytometer and then adjusted to a
concentration of 104 sporidia/ml to be used as inoculum on
fresh PDA. After five days of incubation at room temperature
(21-23°C), a colony was transfered to the center of three PDA
plates for each extract concentration. Control plates contained
the solvent (100 ml) without the plant extract. Cultures were
incubated at room temperature with natural light cycle for 21
days. The diameter of mycelial growth was measured every
other day. The percentage of mycelial growth inhibition was
obtained by comparing the treatments with extracts and the
control. The mean colony diameter and standard deviation
(SD) were calculated. Each experiment was repeated three
times. Based on the results obtained, further experiments were
performed to determine whether the effect of  L. tridentata
DCM extract was fungistatic or fungitoxic (i.e., whether it
only inhibits the mycelial growth in its presence, or if it stops
teliospore germination by affecting viability). In these
experiments, teliospores that were treated with L. tridentata
DCM extract at 500 µg/ml (for up to 24 h), were subsequently
washed three time and incubated in PDA.

RESULTS
Among twenty plant species tested, only three showed

antifungal activity on T. indica; these were L. tridentata, Ch.
Ambrosioides and E. farinosa. The DCM extract of L.
tridentata was 100% effective inhibiting growth of T. indica,
while the DCM extract of Ch. ambrosioides reduced the
growth 40% and E. farinosa 32%. The MeOH extract of all
plants species were completely ineffective. None of the tested
extracts caused an increase in growth of the fungal cultures.
Table 1 shows the effect of DCM and MeOH extracts at 500
µg/ml of L. tridentata, Ch.  ambrosioides and E. farinosa on
mycelial growth of T. indica. The results of this study were
reproducible. According to the data obtained, the most
promising extract for control of T. indica, as judged on its
consistency in completely blocking growth of the fungus
was contained in the DCM extract of L. tridentata. As
concentration of DCM increased, mycelial growth decreased
(Fig. 1). At 100 µg/ml, inhibition of mycelial growth was 33.4%,
59.6% at 200 µg/ml, 81% at 300 µg/ml, 90% at 400 µg/ml, and

Table 1. Effect of plant extracts on mycelial growth of Tilletia
indica at 500 µg/ml.
                                    Mycelial                        Antifungal
       Plant                     growthx     Activityy

                             (cm)                     DCMz          MeOHz

 L. tridentata 0.0 0 100 ± 0.0 0.0
 Ch. ambrosioides 0.88 ± 0.029 40.3 ± 1.62 0.0
 E. farinosa 1.03 ± 0.123 32.3 ± 1.92 0.0
 Control 1.48 ± 0.187 0.0 ± 1.23 0.0
xDiameter of colony, measured at 21 days. Results are the mean
values of mycelial growth ± SD.
yPercentage of mycelial growth inhibition respective to the control
 (100% of growth with no extract added). Means of three replicates
± SD.
zDCM: dichloromethane extract; MeOH: methanol extract.

at 500 µg/ml, the extract caused 100% inhibition (Fig. 2). Under
our experimental conditions, there was no detectable growth
above this concentration. Figure 3 shows the growth curves
of T. indica with different concentrations of DCM extract
from L. tridentata over time (21 days of incubation). T. indica
was progressively and uniformly inhibited by all
concentrations. Microscopic examination of teliospores
treated and incubated for 144 h (time for germination to occur)
showed no germinated teliospores at 500 µg/ml (Fig. 4). This
data showed that the DCM extract from L. tridentata affects
the viability of teliospores, and also suggested that it was
fungitoxic to T. indica.

DISCUSSION AND CONCLUSIONS
The high incidence of Karnal bunt in some wheat cycles in
the 80's and 90's, as well as its endemic occurrence in the
state of Sonora in northwestern Mexico, prompted this
investigation for alternatives to control the disease by means
of natural bioactive compounds. In this work, it was found
that L. tridentata extract was effective to control T. indica
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al., 1989). Propiconazol achieved significant control when
applied after heading, however residues of this fungicide may
accumulate in the grain and pose a threat for human consumers
(Smilanick et al., 1987; Salazar-Huerta et al., 1997). Because
of health and environment safety issues, many of the current
chemicals available to farmers may be banned under the new
Food Quality Protection Act. Currently, there is no safe
chemical that can control and reduce the spread of T. indica.
More studies are needed to identify natural fungicides for
control of Karnal Bunt (Bonde et al., 1997). In this study,
DCM extract from L. tridentata inhibited teliospore
germination and mycelial growth, and may potentially be an
excellent source of fungitoxic compound to combat fungal
infection in wheat. Currently, in our laboratories we are
attempting to identify the compounds that were extracted
from L. tridentata DCM. It may also be valuable to examine
the extracts from Ch. ambrosioides and E. farinosa, that
showed partial effectiveness against T. indica, to determine
if there are similar chemical compounds in the extracts.
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