Al Enie)eta]A] 14(3) : 278-285(1998)
Korean J. Plant Pathol. 14(3) : 278-285(1998)

Development of Integrated Pest Management Techniques
Using Biomass for Organic Farming (I)

Suppresssion of Late Blight and Fusarium Wilt of Tomato by Chitosan
Involving Both Antifungal and Plant Activating Activities

Sang Keun Oh"“, Doil Choi’ and Seung Hun Yu'#
'Department of Agricultural Biology, College of Agriculture, Chungnam National University,
Taejon 305-764, Korea
2Plant Protectants R.U., Korea Research Institute of Bioscience and Biotechnology, Taejon 305-600, Korea

TS IAM
F|EMO| BF U WM

QAR . F . R
sha}, 2w matel 14, A1 BB s 44 RU.

olf
H
=
o
o’
o
fd

ABSTRACTS : Effects of chitosan on growth of tomato plant, and suppression of Fusaruim wilt caused
by Fusarium oxysporum f. sp. lycopersici and late blight caused by Phyfophthora infestans, were ex-
amined. Both late blight and fusarium wilt were suppressed by spray and irrigation of chitosan, respec-
tively. Inhibition of mycelial growth was not greatly affected by molecular size of chitosan but, con-
centration dependent effect was observed. Ninty percent of P. infestans and 80% of F. oxysporum f. sp.
Iycopersici of mycelial growth was inhibited by 1,000 ppm of chitosan (MW 30,000~50,000) when amend-
ed in plate media. Induction of defense-related gene expression in plant by chitosan treatments were ob-
served when chitosan treated tobacco and tomato RNA samples were hybridized with several defense-re-
lated genes as probes. The results revealed that B-1,3-glucanase and chitinase genes were strongly in-
duced, while pathogenesis-related protein-1, 3-hydroxy-3-methylglutaryl coenzyme A reductase, anionic
peroxidase, phenylalanine ammonia lyase genes were weakly induced by chitosan treatment. These
results suggest that chitosan have dual effects on these host-pathogen interactions. Possible roles of chi-
tosan in suppression of tomato diseases by inhibition of mycelial growth and activation of plant defense
responses are discussed.

Key words: chitosan, inhibition of mycelial growth, activation of plant defense responses, late blight,

fusarium wilt, tomato.

Chitosan, a mostly deacetylated -1,4 linked D-glu-
cosamine polymer, is a component of the cell wall of
phytopathogenic fungi (9), the cuticle of insects (11),
and the chitin of crustacean shell wastes, including
crab and shrimp shell (10).

Chitosan is known to have various biological func-
tions; a) antifungal activity against several phytopatho-
genic fungi (1, 11, 13, 20), b) an elicitor of phytoalex-
ins, including pisatin inducing activity (22), ¢) a po-
tential elicitor or inducer of many plant defense re-
sponses including the accumulation of B-1,3-glucanase
(4, 15) and chitinase (5, 16), d) and synthesis of pro-
teinase inhibitor in tomato leaves (22), and e) an ac-

*Corresponding author.

celerator of lignification (18).

Recently, several works have demonstrated that chi-
tosan treatment affected suppression of crown and root
rot caused by Fusarium oxysporum f. sp. radicis-lyco-
persici (2, 3, 14), which delays the disease develop-
ment by fungicidal effects, and suppresses root rot of
cucumber caused by Pythium aphanidermatum during
aqueous and nutritional culture (8), and controls decay
of strawberry caused by Botrytis cinerea and Rhizopus
stolonifer during storage (7).

Chitosan is known to exhibit direct antifugal proper-
ties against Fusarium solani, and other plant pathogens
(1, 13). When tested in vitro, chitosan inhibited the ra-
dial growth of major post-harvest pathogens, indicating
a marked effect at high concentrations (7). Allan and



KOREAN J. PLANT PATHOL. Vol. 14, No. 3, 1998 279

Hadwiger (1) reported that chitosan was effective in
reducing the radial growth of most fungi tested, except
those containing chitosan as a major cell wall com-
ponent (i.e., Zygomycetes). Inhibitory effect of chitosan
also was demonstrated with several phytopathogenic fun-
gi including soil-borne pathogens (11, 20). Kendra and
Hadwiger (13) suggested that the maximal antifugal and
pisatin-inducing activities of chitosan were exhibited
by chitosan oligomers of seven or more residues.

Furthermore, chitosan is also known to be a poten-
tial elicitor of many plant defense response such as ac-
cumulation of pathogenesis-related protein, and phyto-
alexin biosynthesis genes. Chang et al. (4, 5) reported
that defense-related genes, chitinase and $3-1,3-glucanase,
were induced by chitosan treatment on pea plant. Chi-
tosan treatment also induced expression of phenyla-
lanin ammonia lyase (22), which associated with ac-
cumlation of phytoalexin pisatin (13), a major meta-
bolite of the PAL pathway.

Chitosan, therefore, appears to play a dual function
by interferring directly with fungal growth and also by
activating several biological process in plant tissue,
especially induction of defense-related gene expressions.

In this study, our purpose were focused to investi-
gate the mode of actions of chitosan on suppression of
two major diseases of tomato, fusarium wilt and late
blight. Antifungal activity of chitosan against two phy-
topathogenic fungi, and role of chitosan in increasing
expression of defense-related genes in plant were in-
vestigated. Possible mode of action of chitosan on
suppression of fusarjum wilt and late blight of tomato
in relation to its antifungal and plant defence-inducing
activities are presented.

MATERIALS AND METHODS

Fungal culture and preparation of chitosan. Phy-
tophthora infestans causing late blight and Fusarium
oxysporum f. sp. lycopersici causing fusarium wilt of
tomato plant were incubated at 20+1°C and 26+1°C
under dark condition for 7 days in V-8 juice agar (V-8
juice 200 ml, CaCO,; 3 g, agar 20 g, distilled water
1000 ml) and PDA (Potato dextrose broth 24 g, agar 20
g, distilled water 1000 ml) medium, respectively. A 5-
mm-diameter mycelial plug taken from the margin of a
5-day-old F. oxysporum f. sp. lycopersici and/or P. in-
festans culture were used as inoculum in this study.

Chitosan solution was prepared according to previ-
ously reported method (3). Chitosan was dissolved in

0.25 N HCl with heating at 70°C and then removed
pellets after centrifuging at 3000 rpm. Chitosan solu-
tion was adjusted pH 5.5 to 6.0 with 0.5 N NaOH.
Molecular size of chitosan solution was estimated as
previously reported method (19), and found that molec-
ular size of the chitosan was 30,000 to 50,000. Con-
centration of chitosan was used as 250, 500, 1000, and
2000 ppm for mycelial growth inhibition and plant ac-
tivation studies, respectively.

Plants and treatments. Nicotiana tobacum cv. Sam-
sun NN, and Lycopersicon esculentum cv. Seukwang
grown in the greenhouse under a regime of 14 hr light
and 10 hr dark at 2542°C were used as plant materials
in this study. Chitosan solution (0 to 2000 ppm) pre-
pared as described above was sprayed onto tobacco
and tomato leaf surface. Control was treated only with
water. Plant tissues were sampled and total RNAs were
extracted from leaf tissues of those plants, and expre-
ssion of the genes were monitored by northern blot hy-
bridization.

Effect of chitosan on protection against fusarium
wilts of tomato seedlings. Tomato seeds (cv. Seukwang)
sterilized by immersion in 1% sodium hyperchlorite
and rinsed in sterile distilled water were air-dried in a
sterile cabinet for use. Seeds were sown in a mixture
of peat/vermiculite (1:1/v:v) amended or not with chi-
tosan (250, 500, and 1000 ppm). Thirty plants per each
treatment were maintained in a growth chamber at about
254-2°C and a RH of 75%. Chitosan treatment was be-
gun at two leaf stage of tomato seedlings and irrigated
5 times with every 7 days over a period of 50 days.
Spore suspension (1 107 microconidia/ml) of Fusarium
oxysporum f. sp. lycopersici was inoculated 3 times
with every 10 days over same period. Degree of root
rot and wilt were investigated when the control plants
were started wilting.

Effect of chitosan on suppression against late blight
of tomato plants. Leaves of tomato seedlings (three
to four leaf stage) were sprayed with different con-
centration of chitosan equivalent to 10~2000 ppm. Aft-
er being sprayed with chitosan, wetted leaves were air-
dried in natural condition. Tomato plants were ino-
culated at the four or five leaf stage, about 4 weeks aft-
er potting. Inoculation was performed on leaves by spray-
ing zoosporangial suspension (1% 10° zoosporangia/ml)
on the total surface of each leaf. The surface of leaves
on control plants were sprayed with distilled water und-
er identical conditions. After inoculations, plants were
incubated in a growth chamber for 48 hr in the dark at
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20+1°C and 95% RH, and then transferred to a 14/10
hr, light and dark photoperiod at 20+1°C and 95%
RH, for 24 hr, and returned at 85% RH. Three plants
were used for each treatment, and the experiment was
repeated twice. Percentage of infected leaf area was
measured 7 days after inoculation.

Antifungal assays. Antifungal assays were carried
out on PDA or V-8 juice agar plates amended with chi-
tosan at different concentrations (0, 10, 100, 250, 500,
1000, and 2000 ppm). Five PDA or V-8 juice agar
plates per chitosan concentration were seeded with a 5-
mm-diameter mycelial plug taken from the margin of a
5-day-old F. oxysporum f. sp. lycopersici and/or P. in-
festans culture. Treatments were arranged in a rando-
mized complete block design and, the experiment was
repeated twice. Plates inoculated were incubated at 26+
1°C (F. oxysporum f. sp. lycopersici) and/or 20+1°C
(P. infestans) in the dark. Fungal growth was recorded
at intervals of 1-day until the mycelia of the control (0
ppm of chitosan) plates reached to the edge of the
plate. Growth inhibition is expressed as the percentage
of mycelial growth relative to the control. Means and
Duncan's multiple range test (P=0.05) were estimated
on the basis of the observation of 5 plates per chitosan
concentration.

Total RNA isolation and RNA blot analysis. To-
tal RNA was isolated from treated leaf tissues accord-
ing to previously described methods (17). Frozen and
powdered plant material was thawed in the solution
containing 0.8% tri-isopropylnaphthalenesulfonic acid,
4.8% p-aminosalicylic acid, 250 mM Tris-HCI (pH 9.0),
250 mM NaCl, 50 mM EDTA, and 50 mM 2-mer-
captoethanol: phenol. The aqueous phase was extracted
with phenol/chloroform and precipitated with 0.5 volume
of isopropanol. Pellets were resuspended in TE buffer,
2 M LiCl, and reprecipitated by centrifugation, and re-
suspended in TE buffer completely. RNA concentra-
tion was estimated spectrophotometically (As) and 20
ng of the RNA was fractionated by electorphoresis
through 1% agarose gels containing formaldehyde and
transfered to nytran membranes. Loadding of equal
amount of RNA was checked by staining of the mem-
branes using methylene blue solution after exposure.
Hybridizations of RNA blots with *P-labelled cDNA
probes were carried out in 5X SSC containing 50% for-
mamide at 42°C, and washed with same condition ex-
cept 2XSSC using standard procedures. The probes
used in the northern blot analyses were prepared from
PR-1, B-1,3-glucanase (23), HMGR (6), chitinase, PAL
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and anionic peroxidase DNA using random priming
methods (12).

RESULTS

Effect of chitosan on growth of tomato plant and
protection against Fusarium oxysporum f. sp. lyco-
persici. Chitosan treatment was effective in controll-
ing the incidence of root rot or fusarium wilts caused
by F. oxysporum f. sp. Ilycopersici. Tomato plants
grown in the presence of different concentrations (250,
500 and 1000 ppm) of chitosan and inoculum of F. ox-
ysporum f. sp. lycopersici microconidia (1< 10" spore/
ml) remained-healthy, and did not exhibit symptoms of
wilting throughout the experiment (50 days, Fig. 1B
and D). Plants grown in the presence of inoculum alone
(control), started showing symptoms of wilting within
40 days after inoculation. By fifty day, control plants
appeared to be not only yellowing of leaves and wilt-
ing but also reached to an advanced stage of root de-
cay (Fig. 1, A and C). However, chitosan treated plants
(500 or 1000 ppm) significantly promoted the growth
of plants (Table 1) and protected plants against fusar-
ium wilt even in lower concentration of chitosan treat-
ment(250 ppm). The wilting and root rot symptoms of
tomato by F. oxysporum f. sp. lycopersici were slowly
developed when compared with non-treatment (data
not shown).

Effect of chitosan on the suppression of late blight
caused by Phytophthora infestans of tomato plants.
Leaf pre-treatment of tomato plant with different con-
centration of chitosan solution (10 to 2000 ppm) sup-

Table 1. Effects of chitosan treatment on growth of tomato
seedling and protection of fusarium wilt*

Plant biomass Protection of

Conc. of fusarium wilt
chitosan (ppm) Fresh wt. Dry wt. of  Degree of
(2 root (g) root infection
250 118.2° 1.7 ++°
500 135.8 1.8 +
1000 157.6 2.0 =+
Control 91.2 1.4 +++

* Tomato seedlings were grown in growth chamber at 26+ 1°C,
for 50 days after inoculation with F. oxysporum f. sp. lyco-
persici for 3 times on every 10 days, and irrigation with 250,
500, 1000 ppm of chitosan solution for 5 times on every 7
days. Control was irrigated with tap water.

® Total weight of 30 plants

°-; healthy, +; weak infection, ++; moderate infection, +++;
severe infection
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Fig. 1. Effects of chitosan on growth of tomato plant and
protection against Fusarium oxysporum f. sp. lycopersici.
Tomato plant were grown in growth chamber at 26+ 1°C
for 50 days after inoculation with F. oxysporum f. sp. lyco-
persici for 5 times on every 10 days, and irrigation with 1000
ppm of chitosan solution for 3 times on every 7 days (A:
Control, B: 1000 ppm of chitosan treatment). Comparison of
tomato roots treated with water (C) or 1000 ppm of chitosan

(D).

Fig. 2. Effect of chitosan treatment on the late blight of to-
mato plant (left: untreated control, right: 1000 ppm chi-
tosan treated). Inoculation of Phytophthora infestans (1%
10’ sporangia/ml) was performed after 24 hr of chitosan
treatment. After all inoculation, plants were incubated in a
growth chamber for 48 hr in the dark at 20+1°C and 95%
RH, and then transferred to a 14/10 hr, light and dark pho-
toperiod at 20+1°C and 95% RH, for 24 hr, and returned at
85% RH. Disease severity was measured 7 days after ino-
culation.

pressed the late blight disease caused by P. infestans
(Fig. 2 and Table 2).
After spraying with chitosan, tomato plants were inocu-

Table 2. Effect of leaf treatment of chitosan on late blight of
tomato seedlings in pots®

Conc. of chitosan  Disease severity Control value

(ppm) (%Y (%)
10 21.4° b* 14.4
100 210 b 16.0
500 11.2 ab 552
1000 72 a 71.2
2000 63 a 72.6
Control 250 b —

*Inoculation of P. infestans (X 10° sporangia/ml) was perform-
ed after 24 hr of chitosan treatment.

® Disease severity was calculated based on the following equation
Disease severity (%) =

(OXa)+(1xXb)+(2xc)+(3xd)+(4 Xe)
4(a+b+c+d+e)

where 0, 1, 2, 3, and 4 indicate the infection category, 0%
(healthy leaf), 0.1~5%, 5~20%, 20~40%, 40~100% leaf lesion
area, respectively, and a, b, ¢, d, and e are the number of leaf
which fall into the categories of 0, 1, 2, 3, and 4, respectively.

“Values are average of 6 replications.

*Means carrying same letters in a column are not significantly
different (P=0.05) according to Duncan's multiple range test.

X100

Fig. 3. Effects of chitosan on mycelial growth of Fusarium
oxysporum f. sp. lycopersici on PDA, and Phytophthora in-
festans. F. oxysporum and P. infestansn were grown on PDA
of V-8 juice agar, respectively. A and C are media alone
(control), B and D plate contain 1000 ppm chitosan. P. in-
festans was grown at 20+1°C for 8 days, and F. oxysporum
at 26+1°C for 7 days.
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lated with zoosporangial suspension (1% 10° zoosporangia/
ml) on the surface of leat. When diseased leaf area was
compared with control plants after 7 days of inocula-
tion, 55 to 75% of control values were obtained, de-
pending on concentrations of chitosan treatments (Table
2). Increase of chitosan concentration from 1000 to 2000
ppm did not increase the protection against late blight
(Table 2). This result may imply the effective max-
imum concentration of chitosan against late blight is
around 1000 ppm. Furthermore, tomato plants treated
with different concentrations of chitosan did not show
any apparent phytotoxicity symptoms during the course
of the experiment even at the hightest chitosan con-
centration (data not shown). These results lead us to in-
vestigate how does chitosan treatment suppress two ma-
jor disease of tomato caused by different taxa of fungal
pathogens.

Effect of chitosan on mycelial growth of Fusarium
oxysporum f. sp lycopersici and Phytophthora infes-
tans. In vitro antifungal activity of chitosan was det-
ermined by investigating its direct inhibitory effect on
mycelial growth of fungal pathogen. Antifungal assays
were carried out on PDA or V-8 juice agar plates
amended with chitosan with different concentrations (0
to 2000 ppm). As a results, We observed that chitosan
significantly inhibited the mycelial growth of P. in-
festans and F. oxysporum f. sp. lycopersici with a mark-
ed effect at concentrations ranging from 500 to 2000
ppm (Fig. 3). At the 1000 ppm concentration, chitosan
inhibited the mycelial growth of P. infestans and F. ox-
ysporum f. sp. lycopersici by more than 90% and 80%,
respectively (Fig. 4). By 7 days after inoculation, my-
celial growth on chitosan-amended plates with 2000
ppm was almost halted, whereas the mycelial growth
on control plates developed actively. Chitosan appear-
ed to be more effective in inhibiting mycelial growth
of P. infestans than F. oxysporum f. sp. lycopersici.
The 50% growth inhibition concentrations of chitosan
against Fusarium and Phytophthora were 450 and 250
ppm, respectively (Fig. 4).

Induction of defense-related genes by chitosan tre-
atment. To test the possiblity of chitosan treatment
on activating plant defense mechanism, several defense-
related gene expressions was monitored following chal-
lenge of tobacco plants with different concentration of
chitosan. Total RNA was extracted from leaves har-
vested 6 to 48 hr after chitosan treatment and healthy
leaves of plant. Total RNA (20 pg) was fractionated
on 1% agrose gel transferred to nytran membrane and

hybridized with several cDNA clones labelled with *P
as a probe. As a result, we observed that chitosan treat-
ments can induce expression of pathogenesis-related
protein genes such as PR-1, PR-2 (B-1,3-glucanase), PR-
3 (chitinase), and plant secondary metabolism genes
such as phenylalanine ammonia lyase (PAL), 3-hydroxy-
3-methylglutaryl coenzyme A reductase (HMGR), and
anionic peroxidase gene (APOD). Among PR-protein
genes, PR-1 was specifically induced upon chitosan
treatment. Highest level of PR-1 expression was detect-
ed 6hr after chitosan treatment and induced levels of
mRNA were detected until 24 hr after treatment (Fig.
5). Expression of glucanase and chitinase mRNA were
detected both treated and untreated tobacco tissues but
the treated leaves have more induced level of both
mRNAs (Fig. 5). Chitosan treatment also affect the ex-
pression of secondary metabolism related gene ex-
pressions including PAL and HMGR (Fig. 5). This
result may imply that enhanced level of fungitoxic se-
condary metabolites may be accumulated in plants by
chitosan treatment. Peroxidase gene expression, which
considered as a biochemical marker of induced resis-
tance in some pathosystem, is also induced by chitosan
treatment (Fig. 5). All together, these results may sug-
gest the possible roles of chitosan on activating plant
defense mechanism and contributing suppression of to-
mato diseases caused by F. oxysporum f. sp. lycoper-
sici and P. infestans.

DISCUSSION

In the present study, we have suggested that chitosan
have dual effects on host-pathogen interaction both in
inhibition of mycelial growth against two phytopatho-
genic fungi, and activation of plant defense response
such as induction of several defense-related gene ex-
pressions. In recent years, there has been an increasing
interest in the use of chitosan as a protective agent in
agriculture (21) and several biological functions have
been reported (7, 8). Previous works showed that chi-
tosan treatment suppressed fusarium crown and root rot
of tomato caused by F. oxysporum f. sp. radicis-lyco-
persici (2, 3), and protected root rot by Pythium a-
phanidermatum of cucumber (8), and also reduced the
incidence of decay of strawberry fruits by Botrytis cin-
erea and/or Rhizopus stolonifer (7).

We observed that chitosan treatments were signifi-
cantly suppress disease incidense in plant against fusar-
ium wilt caused by F. oxysporum f. sp. lycopersici,
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and late blight caused by P. infestans of tomato plant
(Fig. 1 and 2).

Chitosan, a positively-charged compound has applied
as a seed treatment, a soil-drenching additive, and a
foliar spray. The soil-irrigation of chitosan (500 and
1000 ppm) significantly suppressed wilting symptoms
and root rots than untreated tomato plants against same
pathogen (Table 1). Foliar spray of chitosan (1000
ppm and 2000 ppm) enhanced a level of protection to
the disease incidence about 70% by inoculation of late
blight pathogen P. infestans ‘without causing phy-
totoxicity (Table 2). To investigate the mode of action
of chitosan on suppression of two major tomato disease,
we studied on the two aspects.

First, we examined in vitro antifungal activities to de-
termine whether chitosan showed direct inhibition ac-
tivity on both pathogen. In vitro antifungal assay de-
monstrated concentration dependent inhibition of the
mycelial growth of P. infestans and F. oxysporum f. sp.
Iycopersici when amended in plate media (Fig. 4).
Also, increase of the concentration of chitosan had sig-
nigficant inhibitory effect on spore germination of F.
oxysporum f. sp. lycopersici (data not shown). The in-

100

—@— F. oxysporum
~O— P. infestans

Mycelial growth(%)

0 T ¥ ¥ T
0 500 1000 1500 2000

Concentration(ppm)

Fig. 4. Effect of chitosan on mycelial growth of Fusarium
oxysporum on PDA (@), and Phytophthora infestans on V-8
juice agar (O) containg different concentration of chitosan.
Data are presented as means with standard deviations of five
individual plates.

hibitory property of chitosan is well-known and has
been demonstrated by Hirano and Nagao (11). When
chitosan was tested in vitro, chitosan inhibited the my-
celial growth of several phytopathogenic fungi in-
cluding soil-borne pathogens, with a marked effect ac-
cording to molecular size. Chitosan is also known to in-
terfere with the growth of various fungi including B.
cinerea (7) and to induce severe morphological changes
in F. oxysporum (3). However, the basis of the an-
tifungal activity of chitosan is not yet clear, it seems to
consist of more than one mode of action. Therefore, the
property of the antifungal activity by chitosan may par-
ticulary contribute to suppress two diseases of tomato.

Also, several defense-related gene expression such as
pathogenesis-related protein and phytoalexin biosyn-
thesis genes were monitored. We showed that chitosan
treatment (1000 ppm) non-specifically induced PR-pro-
teins such as PR-1, B-1,3-glucanase, and chitinase mRNA
expression, and also induced phytoalexin biosynthesis
genes and APOD gene by time and concentration de-
pendent manner (Fig. 5).

In our study, it is clearly suggested that chitosan

CK Chitosan 1000 ppm

Time(hr) 6 121 24 48 6 12 18 24 a8

PR-1

Glucanase

Chitinase

HMGR

PAL

APOD

RNA blot

Fig. 5. Effect of chitosan on expression of defense-related
genes in tobacco (RNA blots of PR-1, B-1,3-glucanase and
APOD) or tomato (RNA blots of chitinase, HMGR and PAL).
Total RNAs were extracted from tobacco and tomato leaves
harvested 6, 12, 18, 24, and 48 hrs after 1000 ppm chitosan
treatment. Twenty pg of total RNA samples were bloted on
Nytran membrane and hybridized with six probes, respecti-
vely.
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have dual functions on inhibition of mycelial growth of
two pathogens, and induction of expressions of several
defense-related genes including PR-protein genes, PAL,
HMGR and APOD. All together, these results suggest
that both antifungal and plant defense-inducing activi-
ties are involved in suppression of two major tomato
diseases by chitosan treatment.
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