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Effect of Chitosan Solution on the Inhibition of Pseudomonas fluorescens 
Causing Bacterial Head Rot of Broccoli
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The in vitro antibacterial properties of two kinds of
chitosan solutions and their effect in protection of broccoli
from bacterial head rot disease were evaluated. Results
showed that the two kinds of chitosan solution at
different concentrations exhibited strong antibacterial
activity against Pseudomonas fluorescens. However, the
antibacterial activity of chitosan A solution increased
with the increase of chitosan concentration up to 0.10
mg/ml while the antibacterial activity of chitosan B
solution increased with the increase of chitosan concent-
ration up to 0.05 mg/ml. In addition, the antibacterial
activity of chitosan A and chitosan B solution of 0.10
mg/ml increased with the incubation time within 12 h
and 24 h, respectively. The disease incidence and the
lesion diameter of broccoli inoculated with P. fluorescens
were significantly reduced when plants were either pre-
treated or post-treated with six different combinations
of chitosan solutions. Overall, the results indicated that
the two kinds of chitosan solutions had a potential in
controlling bacterial head rot of broccoli.
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Broccoli (Brassica oleracea L. var. italica) is one of the

many important economic crops grown in the world and

has been marketed as a nutritious dietary supplement due to

its high fiber, vitamin C, vitamin A and mineral content

including calcium and iron (Vasanthi et al., 2009; Wang et

al., 2008). In China, planted acreage of broccoli has been

increasing in recent years and, in 2007, over 20,000 hectares

were grown, of which around 60 percent were mainly

exported to Japan, Korea, Malaysia and Canada (Su, 2008).

However, bacterial head rot has been recently observed on

broccoli in China and the causal bacterium was attributed to

Pseudomonas fluorescens (Li et al., 2009a). Broccoli

production in China has been seriously hampered by the

disease, which reduced the quality and marketability of

broccoli. In severe cases, the incidence of disease was

between 65% and 81% in some fields (Li et al., 2009a). In

addition, this disease has been reported in many other

countries, which lead to crops losses of between 30% and

100% in some fields (Cui and Harling, 2006; Darling et al.,

2000; Hildebrand, 1989). However, there are very few

bactericidal chemicals available for controlling this disease

and most of them are copper formulations with limited

effectiveness (Pajot and Silué, 2005). Therefore, new mea-

sures should been developed to prevent the infection and

further spread of the disease.

Some biochemicals in particular chitosan have been

attempted to control plant disease (Bell et al., 1998; Ben-

Shalom and Fallik, 2003). Treating tomato plants with

chitosan solution reduced mycelial growth, sporangial pro-

duction, and release of zoospores and germination of cysts

of Phytophthora infestans which resulted in significant

disease protection (Atia et al., 2005). Furthermore, chitosan

seed treatment could reduce Colletotrichum sp. infection

and improve performance of chili seedling (Photchanachai

et al., 2006). In addition, Li et al. (2008b) found that

chitosan solution has strong in vitro antibacterial activity

against Xanthomonas strains that cause leaf spot disease of

Euphorbia pulcherrima. Interestingly, the effects of chitosan

as an antimicrobial preservative for fruit, vegetables and

food have also been evaluated (Devlieghere et al., 2004;

Fujimoto et al., 2006). However, few investigations have

been generated about inhibitory ability of chitosan on

bacterial diseases in broccoli. The objective of this research

was to evaluate the antibacterial activity of two kinds of

chitosan solutions against the P. fluorescens pathogen that

causing head rot disease of broccoli under different environ-

ments.
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Preparation of chitosan stock. Chitosan (degree of N-

deacetylation no less than 85%, practical grade, from crab

shells) and chitosan (degree of N-deacetylation 75%, from

crab shells) were obtained from Sigma-Aldrich (USA) and

named as chitosan A and chitosan B, respectively. Stock

solution of chitosan A or chitosan B (5 mg/ml) was pre-

pared in 1% acetic acid with pH being adjusted to 6.0 with

NaOH (Li et al., 2008b). After stirring (160 rpm) for 24 h at

room temperature, the stock solution was autoclaved at

121 oC for 20 min. Sterile deionized water of pH 6.0 was

used as a control.

Cultivation of bacteria. The virulent strain PFB-01 of P.

fluorescens was isolated from diseased broccoli in Zhejiang

province and deposited in the culture collection of the

Institute of Biotechnology, Zhejiang University, China. The

bacterial strain was cultured for 48 h on nutrient agar

medium (Fang et al., 2009; Li et al., 2008a) at 28 oC. After

incubation, bacterial suspension was prepared in sterilized

water, and the initial concentration of bacteria was adjusted

to approximately 109 colony forming units (CFU)/ml.

Counting surviving cells. Bacterial suspensions were ten-

fold serially diluted and 10 μl samples were inoculated on

nutrient agar medium in hexaplicate for each dilution and

were incubated for 48 h at 28 oC. After incubation, the

surviving cells on the agar were counted based on the

colony forming units and then the mean value of the cells at

the lowest dilution was calculated. Each experiment was

carried out in duplicate and was replicated twice.

Statistical analysis. The software STATGRAPHICS Plus,

version 4.0 (Copyright Manugistics Inc., Rockville, Md.,

USA) was used to perform the statistical analysis. Levels of

significance ( p < 0.05) of main treatments and their inter-

actions were calculated by analysis of variance after testing

for normality and variance homogeneity.

Effect of chitosan concentration on the antibacterial

activity. Chitosan solutions of 5 ml in volume were pre-

pared by adding chitosan stock to sterile deionized water to

give a final chitosan concentration of 0.01, 0.05 and 0.10

mg/ml. Bacterial solution was added to 5 ml of chitosan

solution to give a final bacterial concentration of 108 CFU/

ml and then the mixture was incubated at 28 oC on a rotary

shaker (Hualida Company, China) at 160 rpm. In the

control treatment chitosan stock was replaced with sterile

deionized water of pH 6.0 in order to obtain the same pH.

Two hours later, samples were collected from each cell

suspension and bacterial counting was followed as indicated

above. The surviving cell numbers in chitosan A solution of

0.01 mg/ml decreased 0.73 Log CFU/ml while the surviving

cell numbers in chitosan A solution of 0.10 mg/ml decreas-

ed 4.98 Log CFU/ml compared to the control (Fig. 1A).

However, the surviving cell numbers in chitosan B solution

of 0.01 mg/ml decreased 1.90 Log CFU/ml while the survi-

ving cell numbers in chitosan B solution of 0.05 mg/ml

decreased 3.42 Log CFU/ml compared to the control (Fig.

1B). Concentrations higher than 0.05 mg/ml were not

significantly different (Fig. 1B).

Both chitosan A and chitosan B at three different con-

centrations showed effective antibacterial activity against P.

fluorescens strain PFB-01 compared to the control after 2 h

of incubation (Fig. 1A, 1B). Although P. fluorescens have

long been identified as biological control agents (Cho et al.,

2009; Choi et al., 2006; Ipper et al., 2005; Kong et al.,

2009), several studies revealed that P. fluorescens has wide

range under natural field infection (Cui and Harling, 2006;

Lee et al., 2009; Li et al., 2009b; Saygili et al., 2004).

Interestingly, this study indicated that the two kinds of

chitosan solutions at different concentrations had strong

Fig. 1. Effect of chitosan concentration on the antibacterial
activity of Pseudomonas fluorescens strain PFB-01. (A) Chitosan
A; (B) Chitosan B. Initial concentration of bacteria is approxi-
mately 108 CFU/ml. Columns with the same letters are not signifi-
cantly different ( p < 0.05). Error bars represent the standard error
of the mean (n = 6). Data are from a representative experiment
repeated twice with similar results.
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antibacterial activity against the pathogenic P. fluorescens

compared to the control. Therefore, application of chitosan

seems to be a promising method to inhibit the strains of P.

fluorescens from different host plants. In addition, in

agreement with the result of Li et al. (2008b), this result

indicated that the antibacterial activity of chitosan A and

chitosan B against P. fluorescens was influenced by its

concentration in the solution. However, the antibacterial

activity of chitosan A solution increased with the increase

of chitosan concentration up to 0.10 mg/ml while the anti-

bacterial activity of chitosan B solution increased with the

increase of chitosan concentration up to 0.05 mg/ml. This

difference may be ascribed to the composition of chitosan,

which is consistent with the result of Seyfarth et al. (2008),

who found that the antifungal activity of chitosan depend

on degree of deacetylation and molecular weight.

Effect of incubation time on the antibacterial activity.

Chitosan solutions of 5 ml in volume were prepared by

adding 100 μl chitosan stock to 4.90 ml sterile deionized

water to give a final chitosan concentration of 0.10 mg/ml.

P. fluorescens strain PFB-01 was inoculated into chitosan

solution as indicated above. In the control treatment, chito-

san stock was replaced with sterile deionized water of pH

6.0 in order to obtain the same pH. Antibacterial activity of

chitosan solution on the growth of P. fluorescens was

determined after 0, 2, 4, 6, 12 and 24 h of incubation,

respectively. This result indicated that in the absence of

chitosan, the surviving cell numbers in sterile deionized

water decreased 0.20 Log CFU/ml after 2 h of incubation

compared to the starting value. With the increase in

incubation time, the surviving cell numbers remain stable

(Table 1). In the presence of chitosan A or chitosan B, the

surviving cell numbers were significantly decreased com-

pared to the starting value (Table 1). After 2 h of incubation,

the surviving cell numbers in the chitosan A solution

decreased 4.43 Log CFU/ml while the surviving cell numbers

in the chitosan B solution decreased 2.60 Log CFU/ml

compared to the control (Table 1). However, the surviving

cell numbers in the chitosan A solution decreased 5.55 Log

CFU/ml while the surviving cell numbers in the chitosan B

solution decreased 3.29 Log CFU/ml compared to the

control after 12 h of incubation (Table 1). Result from this

study indicated that the antibacterial activity of both

chitosan A and chitosan B solution were affected by the

incubation time, which is consistent with the result of Li et

al. (2008b), who found that a certain incubation time is

required for the chitosan solution to inhibit the bacterial

growth. However, the antibacterial activity of chitosan A

solution of 0.10 mg/ml increased with the incubation time

within 12 h while the antibacterial activity of chitosan B

solution of 0.10 mg/ml increased with the incubation time

within 24 h.

Effect of chitosan pre-treatment and post-treatment on

head rot disease of broccoli. A bioassay was used to

determine the ability of chitosan to suppress the incidence

and severity of bacterial head rot disease of broccoli during

growth and storage. Healthy heads of pre-harvested broccoli

(cultivar Sijilv) were treated with either the bactericide

(Zinc thiazole) or chitosan solutions before and after patho-

gen inoculation. Bacteria was cultured in nutrient broth and

adjusted to 108 CFU/ml. Heads of broccoli was inoculated

using a 100 μl tip dipped in a 50 μl suspension of P.

fluorescens strain PFB-01. Six different combinations of

chitosan solutions were applied in this study, which includ-

ed chitosan A at 0.05 and 0.10 mg/ml, chitosan B at 0.05

and 0.10 mg/ml, chitosan A + B at 0.05 and 0.10 mg/ml.

The bactericide (100 μg/ml) or six different combinations

of chitosan solutions were sprayed until runoff onto the

heads. Control plants were sprayed with distilled water.

Each treatment had three plants. Infiltrated plants were

incubated in a growth chamber at 28 oC and 90% relative

humidity with 16 h of light and 8 h of dark. Ten inoculation

sites per plant were used for scoring of disease symptoms.

One week after inoculation, the disease incidence and the

average radius of the lesion were observed and scored.

The heads of broccoli inoculated with the pathogen alone

resulted in 83.3% and 76.7% disease incidence in pre-

treatment and post-treatment of chitosan, respectively (Table

2), while the average diameter of the lesion was 6.1 mm

and 5.4 mm, respectively (Table 3). However, the disease

incidence and the lesion diameter of broccoli heads ino-

culated with P. fluorescens were significantly reduced when

plants were either pre-treated or post-treated with six

Table 1. Effect of incubation time on the antibacterial activity of
chitosan solution against Pseudomonas fluorescens strain PFB-
01a

Incubation 
time (h)

Cell numbers (Log10 CFU/ml)

Control Chitosan Ab Chitosan B

0  8.60 ± 0.19 bc 8.60 ± 0.19 d 8.60 ± 0.19 e

2  8.40 ± 0.25 ab 4.17 ± 0.29 c 6.00 ± 0.14 d 

4  8.43 ± 0.28 ab 3.70 ± 0.10 b 5.70 ± 0.15 c

6  8.36 ± 0.23 ab 3.76 ± 0.21 b 5.48 ± 0.16 b

12  8.44 ± 0.14 ab 3.05 ± 0.12 a 5.31 ± 0.17 b

24  8.25 ± 0.20 a 4.27 ± 0.14 c 4.95 ± 0.13 a

a Initial concentration of bacteria is approximately 108 CFU/ml.
bConcentration of chitosan solution is 0.10 mg/ml.
cThe data are shown as means ± standard error from a representative
experiment repeated twice with similar results (n = 6). Means in a
column followed by the same letter are not significantly different
( p < 0.05).
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different combinations of chitosan solutions compared to

the respective control (Table 2, 3). In pre-treatment of

chitosan, there was no significant difference in disease

incidence between three different chitosan solutions (A at

0.05 mg/ml, B at 0.05 mg/ml, A + B at 0.10 mg/ml) and

the bactericide, while two chitosan solutions (A at 0.10

mg/ml, A + B at 0.05 mg/ml) and one chitosan solution (B

at 0.10 mg/ml) reduced and increased the disease incidence,

respectively, compared to the bactericide (Table 2). In addi-

tion, there was no significant difference in lesion diameter

between five different chitosan solutions (A at 0.05 mg/ml,

B at 0.05 and 0.10 mg/ml, A + B at 0.05 and 0.10 mg/ml)

and the bactericide, while one chitosan solutions (A at 0.10

mg/ml) reduced the lesion diameter compared to the

bactericide (Table 3). In post-treatment of chitosan, there

was no significant difference in disease incidence between

four different chitosan solutions (A at 0.05 and 0.10 mg/ml,

B at 0.10 mg/ml, A + B at 0.05 mg/ml) and the bactericide,

while two chitosan solutions (B at 0.05 mg/ml, A + B at

0.10 mg/ml) increased the disease incidence compared to

the bactericide (Table 2). In addition, there was no signifi-

cant difference in lesion diameter between four different

chitosan solutions (A at 0.05 and 0.10 mg/ml, A + B at 0.05

and 0.10 mg/ml) and the bactericide, while two chitosan

solutions (B at 0.05 and 0.10 mg/ml) increased the lesion

diameter compared to the bactericide (Table 3). Broccoli

heads uninoculated with P. fluorescens strain PFB-01 were

free of symptoms.

In agreement with in vitro experiment results, both pre-

treatment and post-treatment of plants with different combi-

nations of the two kinds of chitosan solutions significantly

reduced the disease incidence and the lesion diameter of

broccoli heads compared to the control, which can be

attributed, at least in part, to the direct antibacterial activity

of chitosan solution. However, in general, the disease

incidence and the lesion diameter were more reduced by the

pre-treatment than the post-treatment of plants with chito-

san solutions. In particular, plants pre-treated with chitosan

A solution at 0.10 mg/ml showed more reduction on the

disease incidence and the lesion diameter than that of the

bactericide. Therefore, chitosan A coating seems to be a

promising method to prevent the disease from broccoli

heads. 

Overall, our results clearly demonstrate that the two kinds

of chitosan solutions have strong antibacterial activity against

P. fluorescens strain PFB-01 under various environmental

conditions. To the best of our knowledge, this is the first

report about antibacterial activities of chitosan on the

pathogenic P. fluorescens. In addition, it is evident that the

two kinds of chitosan solutions have a potential in the

prevention and control of bacterial head rot disease of

broccoli. Considering the absence of any sort of remedial

measures for bacterial head rots disease of broccoli the

present investigation may prove helpful in a field which is

largely dominated by economically handicapped broccoli

growers.
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