Evaluation of morphological damage caused by a low
molecular weight chitosan on the fungus Bipolaris oryzae
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ABSTRACT

Antimicrobial activity of chitosan has been previously demonstrated on some fungi species. In this work, the direct
effect of a low molecular weight chitosan (121.6 kDa) on the morphology of Bipolaris oryzae was studied by light
and scanning electron microscopy techniques. Changes in the hyphae and germ tubes were observed. Moreover,
structural and morphological changes during the apical growth phase of the fungus were detected by scanning elec-
tron microscopy at 3 g/L chitosan. B. oryzae hyphae malformations were detected, with shortening and thickening
of hyphae and spore germ tubes shortening and swelling, together with hyphae agglomerations, all these changes
affecting the fungus’ multiplication and spreading capacity. These results support the possible use of the assayed
chitosan in pest control strategies against B. oryzae in rice crops.
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RESUMEN

Evaluacion de los dainos morfolégicos causados en el hongo Bipolaris oryzae por la aplicacién de una quitosana
de bajo peso molecular. La actividad antimicrobiana de las quitosanas ha ido demostrada en varias especies. En
este estudio se evalué el efecto directo de una quitosana de bajo peso molecular (121.6 kDa) sobre la morfologia del
hongo Bipolaris oryzae mediante cultivo in vitro y microscopia éptica y electrénica de barrido. Se detectaron cambios
en las hifas y los tubos germinativos mediante microscopia éptica. Ademads, se observaron cambios estructurales y
morfolégicos durante la fase de crecimiento de crecimiento apical del hongo, cultivado en presencia de la quitosana
a una concentracién de 3 g/L. Se detecté la malformaciéon de las hifas, con acortamiento y estrechamiento, asi como
acortamiento y engrosamiento de los tubos germinativos de las esporas, con aglomeracién de las hifas resultantes,
cambios que afectan la capacidad de multiplicacién y diseminacion del hongo. Estos resultados soportan la posible
aplicacién de la chitosana de 121.6 kDa para el control de las infestaciones por B. oryzae en los cultivos de arroz.
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Introduction

Chitosan has been found to be a valuable tool for the
control of fitopathogenous fungi. It shows a variable
response depending on the fungi species, and their
spores seem to be more susceptible than hyphae to
chitosan effects [1]. These last have been associated
to several factors, such as: degree of deacetylation,
molecular weight and concentration. It is known that
the physiological and functional properties of chitosan
depends on its molecular weight [2], with previous re-
ports on the increase in the in vitro antifungal effect of
chitosan on Botrytis cinerea as its molecular weight
decreases [3]. Similar results have been also reported
for Aspergillus niger and Penicillum expansum [4, 5].

Regarding the effect of chitosan on hyphae, this
compound significantly compromise the morphology
of Sphaeropsis sapinea, provoking the leakage, vacu-
olation and thinner hyphae [6]. Other morphological
changes were observed in Rhizopus stolonifer hy-
phae at chitosan concentrations of 3 mg/mL [7]. On
the contrary, this compound increased the average di-
ameter of Aspergillus parasiticus spores and hyphae,

reduced septation and raised the number of mitotic cell
divisions that spores undergo during germination [8].
Scanning electron microscopy experiments [9] evi-
denced different alterations in Fusarium oxysporum f.
sp. gladioli and R. stolonifer hyphae, such as: depres-
sion, swelling and distortion.

Therefore, due to the effects of chitosan on fungi
hyphae, its potential application for the control of
fungi infestations in economically relevant crops was
investigated, particularly against Bipolaris oryzae
(Breda de Haan) Shoem. This is a major pathogen af-
fecting rice and the causal agent of the rice brown spot
disease, its most significant damage in leaves, leading
to the appearance of oval brownish spots with cen-
tral gray areas and yellowish halo-like edges. During
severe infestations, this pathogen causes leave with-
ering before plants achieve their mature stage, also
causing grain stains. In glumes, the spots are black or
blackish-brown, covering the entire glume in severe
infestations, ultimately leading to the partial or com-
plete grain empty glumes.
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Chitosan-induced changes in B. oryzae morphology

Recently, chitosan was demonstrated to have an
inhibitory effect on this pathogen [10], but the direct
morphological manifestations caused by chitosan on
this pathogen remained to be characterized. In this
work, we characterized the morphological changes
caused by low weight chitosan at a 3 g/L concentra-
tion on B. oryzae hyphae, by means of light and scan-
ning electron microscopy observations (SEM), and on
spore germination by SEM.

Materials and methods

Antifungal activity

A low molecular weight chitosan (121.6 kDa; Sigma-
Aldrich) was used, with 90 % deacetylation. It was dis-
solved in a water solution of 1 % (v/v) and adjusted to
pH 5.6 with 2 M potassium hydroxide [11]. The micro-
bial strain was previously identified as Cochliobolus
miyabeanus obtained from the fungi collection at the
Laboratory of Plant Health of the National Institute
for Forestry, Agriculture and Animal Research (INI-
FAP), Zacatepec, Morelos State, Mexico. The B. ory-
zae strain was grown in potato-dextrose-agar (PDA)
culture media as recommended for this microorganism
[10], in Petri dishes at 26-28 °C for 7 days and under
12-h light/dark photoperiodicity. The chitosan solution
and the culture media were sterilized separately in au-
toclave for 15 min at 121 °C.

Afterwards, culture media were prepared contain-
ing chitosan at 1, 2, 3 or 4 g/L, respectively, and a con-
trol medium with no chitosan was also included. Then,
5 Petri dishes were prepared for each experimental
condition, filled with 10 mL of each culture medium
and further inoculated with 5-mm wide mycelial discs
and grown under conditions as described. Colony
diameters were measured manually every 24 h for
5 days and compared with the fungal growth in control
medium devoid of chitosan, to calculate the colony
radial growth and growth inhibition (%) by means of
the equation:

Tc

Radial inhibition (%) = ———— x 100

Where:
Tc: average colony radius in the control medium.
Tt: average colony radius in medium with chitosan.

Results of mycelial growth inhibition were ana-
lyzed by a completely randomized design with 5 rep-
licas per treatment, ANOVA were established with
the aid of the NCSS statistical software (NCSS LLC.,
version 2001) and mean values were compared with
the Tukey’s multiple rank comparison test (p < 0.05).

Light microscopy

Light microscopy images were captured after 72 h,
when mycelium was grown on agar plates by visual
scanning at 10x and 100x magnifications.

Spore germination

Ten microliters of a spore suspension at 1.4 x 10°
spores/mL were seeded with a glass loop in Petri dish-
es filled with a thin PDA medium layer at 3 g/L chito-
san, and further incubated at 27 °C. Subsequently, 50
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germinated and non-germinated spores, respectively,
were counted under a light microscope (Olympus
CX 31, Japan) at 40x magnification. Spores were re-
garded as germinated when the germ tube length was
twice the overall diameter of the spore [12].

Scanning electron microscopy

B. oryzae cultures were established by disc inocula-
tion and incubation, and its morphology was subse-
quently inspected by SEM during the deceleration of
the fungi growth phase. Observations were made on
0.5 x 0.5 cm agar pieces taken 72 h after inoculation,
sampled from either control or chitosan-containing
culture medium. Samples were fixed by complete
immersion in 5 % (v/v) glutaraldehyde solution at
4 °C for 24 h, followed by a post-fixation step in 1 %
(v/v) Osmium tetroxide solution at 4 °C for 2 h. Sub-
sequently, samples were progressively dehydrated by
using a series of acetone concentrations (30, 40, 50,
70, 80, 90 and 100%, respectively) and further coated
with gold particles prior to observations in SEM mi-
croscope (model JSM-5410 LV; Jeol Ltd., Japan).

Results and discussion

Results of the inhibition (%) of B. oryzae mycelial
growth by chitosan are shown in figure 1. As expect-
ed, chitosan inhibited mycelial growth. The effect
was directly proportional to the time of exposure and
chitosan concentration as compared to the control
medium culture results (p < 0.05), with the highest
97.2 % inhibition value attained at the highest con-
centration used (4 g/L) after 168 h of culture.

Our results are in agreement with previous reports
on the inhibition by chitosan in other fungi species,
particularly against Fusarium verticillioides with the
same chitosan concentrations range tested [13]. Other
groups found that a 133 and 147 kDa chitosans inhibit-
ed in 91.79 and 3.13 %, respectively, the radial growth
in vitro of Ramularia cercosporelloides [14]. Other-
wise, the same concentration of a 46.31 kDa chitosan
caused a fungus growth until 2.81 + 0.61 mm [15].
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Figure 1. Inhibition (%) of Bipolaris oryzae strain M-2 mycelial
growth by low molecular weight chitosan, as measured against
100 % of control, untreated fungus radial growth. Different
letters indicate differences of means among treatment groups
for the same time point (Tukey’s test, p < 0.05).
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It is considered that the effect of the given chitosan
on mycelial growth depends on the properties of the
chitosan compound, attending to the source, molecu-
lar weight, deacetylation degree and the sensitivity to
it of the fungi species tested [16].

The growth inhibition was found to coincide with
morphological changes of the fungus under the light
microscope. A more detailed study was made at the
3 g/L chitosan concentration, which altered mycelial
growth in more than 50 %. A limited lateral growth
was observed (Figure 2B) as compared with the con-
trol condition (Figure 2A), with a notable abnormal
growth of the hyphae, characterized by hyphae swell-
ing (Figure 2C). Similar results were reported in Fu-
sarium f. sp. radicis-lycopersici, with increased hy-
phae diameter at 1 and 3 g/L chitosan concentrations,
the highest with the last one [17].

Spores were also affected, as shown in figure 3. Their
germ tubes developed an abnormal shape, with short-
ening and excessive swelling, together with hyphae
agglomeration, when the fungus was cultured at 3 g/L
chitosan. In this sense, another group found that 6 g/L
chitosan, pH 5.6, was able to markedly reduce spore
germination and shorten the germ tube elongation in
B. cinerea and R. stolonifer to 90 and 75 % the normal
values, respectively [18]. In fact, some studies men-
tioned that chitosan could be able to induce morpho-
logical changes in the fungus cell wall, and to reduce
hyphae size and ramifications [6, 19]. Its mechanism
of action could be related to the chitosan capacity to
interact through its polycation surface positive charges
with the negatively charged cell surface, further deor-
ganizing it and losing its continuity what results in the
leakage of cytoplasm contents, and ultimately causing
structural and morphological changes [1].

Our SEM observations confirm that chitosan at the
concentrations tested alter mycelial morphology (Fig-
ure 4B), producing deformations and distortions of
the hyphae, instead of fungus cultured in the control
medium devoid of chitosan which the characteristic
unaltered mycelium (Figure 4A). This also coincides
with previous findings in R. stolonifer and Alternaria
alternata.

In summary, it was demonstrated that the in vitro
culture of B. oryzae with a 121.6 kDa chitosan effec-
tively inhibited mycelial growth, the more pronounced
effect found in PDA medium containing 4 g/L chito-
san, causing morphological changes which were de-
tected by light microscopy and SEM analysis after
culturing in PDA medium containing 3 g/L chitosan.
This could be the basis for the experimental use of
this compound to inhibit the incidence of this phyto-
pathogen in rice cultivars in vivo, since the changes
detected are relevant to alter the fungus spread and
multiplication capacity.

Figure 2. Light microscopy analysis of the effect of chitosan (121.6 kDa) on Bipolaris oryzae morphology.
PDA medium was supplemented with chitosan at 3 g/L, and mycelial growth compared to the fungus
culture in the absence of chitosan, after incubation at 26-28 °C for 72 h. A) Negative control, showing
B. oryzae growth after in the culture medium; 10X magnification. B) B. oryzae growth with chitosan in
the PDA medium, 10x magnification. C) B. oryzae growth with chitosan, 100x.
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Figure 3. Light microscopy analysis of the effect of chitosan (121.6 kDa) on Bipolaris oryzae spore
germination. PDA medium was supplemented with chitosan at 3 g/L, and spore germination compared
to that in the absence of chitosan, after incubation at 27 °C for 72 h. A) Negative control, showing
B. oryzae spores germinated in the PDA culture medium devoid of chitosan; 10x magnification. B) B.
oryzae spore germination in PDA medium supplemented with chitosan, 10x magnification. Spores
were considered germinated when the germ tube length was twice the overall diameter of the spore.

Figure 4. Morphological changes caused by chitosan (121.6 kDa) in the hyphae of Bipolaris oryzae
fungus in vitro. B. oryzae was cultured in PDA medium at 27 °C for 72 h. A) Morphology of B. oryzae
hyphae in the absence of chitosan; negative control. B) Morphology of B. oryzae hyphae after culture
in PDa medium supplemeted with low molecular weight chitosan at 3 g/L. Images were taken with a
JEOL JSM-5410 LV scanning electron microscope. Magnification: 1000 x.
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