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ABSTRACT 
Chitosan is a biopolymer that has different applications in agriculture as it is biostimulant, antifungal, inducer of 
resistance, among others. In this work, it was evaluated the direct effect of chitosans of different molecular masses 
on the fungus Curvularia lunata, a pathogen that affects rice cultivation. For them, three chitosans were used, of low, 
medium and high molecular mass, at the 1, 2 and 3g/L concentrations. In vitro studies were carried out, determining the 
percentage of inhibition of mycelial growth, as well as the presence of spores, if these were viable, and if the chitosan 
affected the germination of the spores. The results showed that the higher the concentration of chitosans of different 
molecular mass, the higher the percentage of inhibition of the mycelial growth of the fungus. Furthermore, the low 
molecular mass chitosan increased the production of spores at the highest concentration of the bioproduct (3 g/L) used.  
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RESUMEN     
Efecto de quitosanos de diferente masa molecular en el hongo Curvularia lunata. El quitosano es un bio-
polímero con varias aplicaciones en la agricultura, como bioestulante, antifúngico, inductor de Resistencia, entre 
otras. En este trabajo se evaluó el efecto directo de quitosanos de tres masas moleculares sobre el hongo Curvularia 
lunata, patógeno que afecta a los cultivos de arroz. Para ello, se ensayaron quitosanos tres masas moleculares (baja, 
media y alta), a concentraciones de 1, 2 y 3g/L. Se desarrollaron ensayos in vitro para determinar el porcentaje 
de inhibición en el crecimiento del micelio, así como la presencia de esporas, y de ser viables, cómo afectaron los 
quitosanos a su germinación. Los resultados mostraron que los quitosanos a su mayor concentración tuvieron el 
mayor porcentaje de inhibición sobre el crecimiento del micelio fúngico. Además, el quitosano de la menor masa 
molecular incrementó la producción de esporas a la mayor concentración (3 g/L).
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Introduction
Diseases are one of the main causes of low yields in 
rice cultivation [1]. Around 80 diseases caused by 
abiotic and biotic factors affecting this crop in the 
world have been described [2]. Of these, seven are of 
economic consideration in our country: six caused by 
fungi and one by virus. They are: Pyricularia grisea 
(SACC), Rhizoctonia solani (KUHN), Sarocladium 
oryzae (Sawada), Helminthosporium oryzae Bredade 
(HAA), Rhynchosporium oryzae (HAS), Fungal com-
plex and the no less important White leaf rice virus [3].

The staining of the grain produced by the fungal 
complex, where the following fungi have been regis-
tered with greater frequency: Bipolaris oryzae, Phyl-
lasticta sp., Gerlachia oryzae, Alternaria padwickii 
(Ganguly) M. B. Ellis, Curvularia sp., Pyricularia 

grisea Sacc, Cercospora oryzae Miyake, Sarocla-
dium oryzae (Sawada) W. Gams and D. Hawkswort 
and bacteria Pseudomonas sp. and Erwinia sp., [4]. 
This disease negatively affects yield components by 
producing high percentage of vane, affecting germi-
nation between 26 and 41 %, as well as the vigor and 
size of the seedlings; decreases the number of grains 
per panicle, the mass of the grains up to 40 %, and the 
filling in 30 % [5]. On the other hand, it demerits the 
quality of the seed, because it reduces the number of 
whole grains, increases both the brittle grains in the 
mill process and the gypsum and abnormal coloring. 
In addition, in the fields of seed production, the inci-
dence of this disease requires the discard of produc-
tive lots [6].
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Among the measures applied for the control of 
the disease is the use of treated seeds, phytotechnical 
management according to the type of intensity of the 
disease and chemical treatment. Despite the latter is 
the most used, however, the products applied are high-
ly toxic, environmentalpollutants and very expensive. 
That is why our team is working on the search for new 
alternatives that allow a better management, in which 
bio-friendly products are used with the environment. 
Within these is the chitosan, a compound found in the 
exoskeleton of crustaceans such as lobsters, shrimps, 
crabs, etc. [7]. It has the potential to inhibit the myce-
lial growth of numerous phytopathogenic fungi and 
to stimulate the defense mechanisms of plants [8-12].

Consequently, this work was aimed to evaluate 
the antifungal activity in vitro of chitosan of different 
molecular masses on mycelial growth, of the fungus 
Curvularia lunata.

Materials and methods

Chitosans
Three samples of commercial chitosan (Sigma-Al-
drich, USA) with different molecular mass were used: 
low molecular mass chitosan (LMMC) of 121.6 kDa, 
medium molecular mass chitosan (MMMC) of 152.6 
kDa and high molecular mass chitosan (HMMC) of 
211.6 kDa, respectively, all three with a degree of 
deacetylation of 90 %. The samples were dissolved 
separately in 1 % (v / v) acetic acid solution and the 
acidity was adjusted to a pH 5.6 using 2 M sodium 
hydroxide solution.

Fungus strain and culture conditions 
The isolation used was C. lunata (CL-02) from the 
ceparium of the Plant Protection Laboratory from Los 
Palacios Base Scientific Technological Unit, located 
in the municipality of Los Palacios, Pinar del Río, 
Cuba. The fungus was cultivated in potato-dextrose-
agar medium (PDA) in Petri dishes, at 26 to 28 ºC, 
with 16 h light and 8 h of darkness alternation. Chito-
sans and the culture medium were sterilized separate-
ly in autoclave at 121 ºC for 15 min. Then, they were 
combined to obtain the following treatments: 1, 2 and 
3 g/L and a control with only PDA. In Petri dishes, 
10 mL were added to the culture medium containing 
each treatment and were inoculated with a 5 mm C. 
lunata mycelium disc.

The evaluations of the diameters of the colonies 
formed were made manually with a graduated scale, 
every 24 h for 5 days and compared with the growth 
of the fungus in the control medium (without chito-
san), and the percentage of inhibition on the colony 
(Equation 1).

Where:
Tc: average radio of the control colony.
Tt: radio of the colony in medium with chitosan.
The mycelial growth inhibition results were analy-

zed by a completely randomized design with 5 repeti-
tions per treatment, using the NCSS 2001 program for 
the analysis of variance. Means were compared with 
the Tukey multiple range test (p ≤ 0.05).

Spore germination assay 
At the end of the experiment, the presence of spores 
and their germination capacity in the different treat-
ments were evaluated. To this end, 10 mL of sterile 
distilled water was added to each plate, scraped with 
a glass rod; 1 mL was taken per treatment, and the 
presence of spores was observed under an optical mi-
croscope.

Three milliliters of the suspension were taken from 
treatments with the presence of spores and added to 
a plate containing PDA culture medium, which were 
incubated at 25 ºC for 4 h. Subsequently, using the op-
tical microscope (Novel), 50 spores (germinated and 
non-germinated) were counted from each treatment, 
determining the number of spores germinated per pla-
te every 1 h. A spore was considered germinated when 
the germ tube doubled the diameter of the spore [13].

Effect of chitosan on germination of spores 
The spore suspension was obtained from a culture of 
C. lunata after 10 days of incubation. An aliquot of 0.5 
mL was distributed in the PDA containing chitosan (1, 
2 and 3 g/L) in a Petri dish. The control treatment did 
not contain chitosan. The plates were incubated for 72 
h and the germinated spores were counted.

Results and discussion
The inhibitory effect of LMMC, MMMC and HMMC 
on the fungus Curvularia lunata was tested in vitro. 
The results are shown in figure 1.

The percentage of inhibition on the C. lunata fun-
gus of the three chitosans at the concentrations used 
was significantly higher as the concentration in-
creased; being the highest concentration 3 g/L. It is 
important to highlight that 72 h seems to be the period 
of adaptation and recognition of the pathogen to the 
presence of the biocomposite and from this time its 
effect on the fungus under study is defined. Pabón-
Baquero et al. [14] also observed an inhibition of my-
celial growth in 98.7 % in an isolate of C. lunata ob-
tained from a Jatropha curcas seed with respect to the 
control when applying a chitosan of low molecular 
mass at a concentration of 4 g/L. Also, Rivero et al. 
[4] evaluated the antifungal activity of a high molecu-
lar mass chitosan on a C. lunata strain isolated from 
rice grains, observing that chitosan concentration in-
creased the greater the inhibition of mycelial growth.

Other authors [15] studied the influence of the 
molecular mass of chitosan and its concentration but 
on the fungus Aspergillus niger, determining that the 
chitosan of low molecular mass at the highest con-
centration applied had a strong antifungal activity on 
this pathogen. Like Rodriguez et al. [16] proved that 
a chitosan of medium molecular mass (152.6 kDa) at 
a concentration of 4 g/L achieved greater inhibitory 
effect on the fungus B. oryzae. On the other hand, 
Hengiun et al. [17] detected an antifungal activity of 
75 % of the high and low molecular mass chitosans on 
the Botryotina fuckeliana pathogen at a concentration 
of 2 g/L.

Micrographs of the mycelium were observed 
through the optical microscope with the 10× objective 
of the control hyphae and those treated at 72 h (Fig-
ure 2).The hyphae of the control treatment are further 
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apart and no spores are visible. However, the mycelial 
hyphae treated with the LMMC and at the concentra-
tion of 3 g/L are more agglomerated, clustered and 
more spore areas were observed.

Some authors have pointed out that chitosan stimu-
lates sporulation. The formation of spores of Alternar-
ia alternata in the presence of chitosan at concentra-
tions of 0.1 and 0.5 g/L was significantly higher than 
control without chitosan [18]. It was also indicated 
that high sporulation may have been due to a stress 
response induced by this polymer [18].

Similar results were observed by Rodríguez et al. 
[16] with the fungus B. oryzae at the concentration 
of 3 g/L with LMMC. The mycelium of the fungus 
grew in the medium treated with chitosan, character-
ized by a high production of spores and damage to 
aerial hyphae.

Evaluation of spore germination  
Spore germination from the mycelium treated with 
chitosan is shown in figure 3. As can be seen, all the 
spores had germinated at 4 h and there were no defor-
mations in the germ tubes. So it demonstrates that the 
spores produced as defense mechanism of the fungus 
were germination viable spores. Significantly, there 
were no previous reports on germination of C. lunata 
spores from mycelium treated with chitosans.

Effect of chitosan on germination of spores  
The germination of spores of C. lunata was com-
pletely inhibited in the treatments with either LMMC, 
MMMC and HMMC at the concentrations used dur-
ing the first 4 h. This contrasted with the effect seen 
for the control treatment without chitosan, which  al-
ready started to emit the germ tube and 90 % of the 
spores were already germinated at 3 h (Figure 4).

However, at 5 h, all the spores were germinated, the 
germ tube began to emit the spores that were found in 
the 3 g/L LMMC. This is the same treatment where 
the mycelium grew and produced the spores which 
germinated. Therefore, this corroborated that at that 
chitosan concentration, the production of spores and 
its germination were stimulated. In this respect, Pa-
bón-Baquero et al. [14] observed that the germination 
of the spores of C. lunata was totally inhibited with a 
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Figure 1. Effect of chitosan with different molecular masses and at different concentrations (1, 2 and 3 g/L) on the percentage of inhibition of 
mycelial growth of the fungus, Curvularia lunata during a 120 h incubation period. A) Treatment with low molecular mass chitosan, 121.6 kDa. B) 
Treatment with medium mass molecular chitosan, 152.6 kDa. C) Treatment with high mass molecular chitosan, 211.6 kDa. Numerical values stand 
for standard error of the mean.
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Figure 2. Micrograph of the effect of chitosan on hyphae and the production of spores. 
A and B) Control treatment without chitosan, showing normal hyphae production. C and 
D) Treatment with 3 g/L low molecular mass chitosan (121.6 kDa). C) Agglomeration of 
hyphae (arrow). D) High production of spores (arrow).

A B

Figure 3. Micrograph of spores germination from the treatment with LMMC at the con-
centration 3 g/L. A) Start of the germination process at 2 h, 40×. B) Germination of the 
spores at 4 h, 40×.
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LMMC at 2 and 4 g/L, proving the difference in sensi-
tivity to this compound of different strains of the same 
species.

Hengiun et al. [17] evaluated chitosans of high and 
low molecular mass at 0.4 g/L, showing a complete 
inhibition of conidial germination on the fungus Botr-
yotina fuckeliana. In fact, different structures (spores, 
germinal tube, vegetative hyphae) of the fungi show 
sensitivity to chitosan [19-21].

Conclusions
In summary, it can be proposed that chitosans of differ-
ent molecular masses do not have a fungicidal effect, 
but they do affect the growth of the C. lunata fungus 
as the chitosan concentration increases. Regarding the 
production of spores, it was found that the LMMC at 3 
g/L achieved a high spore production, while chitosan 
affected their germination speed. Therefore, LMMC, 
MMMC and HMMC affect the C. lunata fungus. Our 
results could be used to develop biocompatible fungi-
cided for crop protection in the future..
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Figure 4. Micrograph of spores germination in media without chitosan (Control) and with 
chitosan. A) Control at 3 h. B) Treatment with chitosan (low molecular mass chitosan  
(121.6 kDa). C) Control at 5 h of germination. D) Treatment with low molecular mass 
chitosan (121.6 kDa) at the concentration of 3 g/L.
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