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Abstract: Presently, chemical seed treatments are in discussion due to their directly or indirectly impacts on
human health or other living organisms. They may also negatively affect the ecosystem and the food chain. In
rice seeds, chemicals may cause phytotoxic effects including seed degradation. Eugenol is the main component
of clove (Eugenia caryophillis) oil, which was proved to act simultaneously as bactericide, virocide and
especially fungicide. The ir vitro study was aimed to compare the mtibitory effect of the followmg seed
treatment substances against seed borne fungi and their shelf-life during 12 months of storage; conventional
captan (CA), chitosan-lignosulphonate polymer (CTL.), eugenol incorporated into chitosan-lignosulphonate
polymer (E+CL) and control (CO). The obtained results of fungi mhibition were classified in three groups, which
showed at first that CA treatment led to a better, 1.e., longer, mhibitory effect on Alternaria padwickii,
Rhizoctonia solani, Curvularia sp., Aspergillus flavus and Aspergillus miger than E+CL. Secondly, E+CT.
coating polymer showed the longest inhibitory effect against Bipolaris oryzae and Nigrospora oryzae
compared to CA and CL coating polymer. Fially, both CA and E+CL coating polymer had non-significant
difference inhibitory effect on Fusarium moniliforme. The variant of CL coating polymer for seed coating was
only during the first 6 months of storage able to inhibit all species of the observed seed borne fungi, whereas

CA and E+CL coating polymer were capable to inhibit most of the fungi until 9 months of storage.
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INTRODUCTION

More than 90% of the field crops grown in the world
are propagated via the seed and all of them are attacked
by devastating seed bom pathogens. The rice crop
(Oryza sativa) 13 known to be attacked by many
pathogenic seed borne fungi; e.g. Bipolaris sp.
(brown spot), Alternaria sp. (stackbumn), Fusarium sp.
(bakanae), Rhizoctonia sp. (sheath blight), Nigrospora
sp. (kemel smut), Curvularia sp. (blast). Important
storage fungi are Aspergillus flavus and Aspergillus
niger. Fungi contamination 1s a major cause leading to
seed deterioration and degradation of rice grain qualities
(Hewett, 1987).

The fungicide seed treatments are the most used
traditional application to protect the seeds and young-
seedlings from many seed-and soil-borne pathogens.
However, the uses and expectations of chemical seed
treatment have raised the concern due to the impact on
enviromment, which caused either direct or mndirect
impacts on human or other living organisms. Tt can also
negatively affect the food chain, the ecosystem at all and
may increase fungicide resistance problems (Ester et al.,
2003). Moreover, the fungal pathogen normally attached

to the seed, so it is difficult to find chemical substances
that will destroy the fungus without harming the seeds,
because many fungicides were developed from bromine,
1odine, sulfur, copper and chloride compounds. Since, the
toxicity of fungicide has been ascribed to produce
phytotoxic  compounds
(Han, 2000).

The application of medical plant extracts to control
plant pathogenic fungi is a key way in the chemical-free
agricultural system as an alternative for the toxic synthetic
fungicides (Burt and Reinders, 2003). Several antifungal
compounds of plant origin are known to control the seed
borne infection, phenolic compounds, as eugenol and
eugenol acetate, are the main components of clove
(Eugenia caryophillis) (Vellutl et al, 2004). They were
proved to have bactericide (Pawar and Thaker, 2006),
virocide (Tullio et al, 2006) and fungicide effects and
act against many seed borne fungi (Chami et al., 2005a).
Additionally, they can easily be obtained from readily
available plant (Mungkornasawakul et al., 2003) and
possess no  residues and  phytotoxic  effects
(Chanii et al., 2004).

The application of coating the seeds with chemicals
or alternative compound

mduced seeds deterioration

bicactive substances
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significantly may reduce the percentage of pland damage
by pe st and the level of pesticide spplication (Badei ef o,
19967, In the modern era of seed treatment, compared with
direct drerch application methods, the seed coating
tecknidlogy could decrease 23% of pesticide utilization
(Chami ef al., 20054). ©Moreowver, the conventional seed
codting substances can be mived with natwal products,
which have protectwe effects on seeds  Another
advatitage of seed coating is the preservation of the
uality of seeds and the seed components, which may not
easily be detericrated (Ester ef &, 2003). These new uses
oftery recuire improved application systems for better
egtablished dosages  and  coverage of materials
(Chami ef al, 20054). However, there 15 a pavcity of
irformation o the comparison of inhibitory effect of the
engeticl Woactive compounds and the synthetic chemica
seed treatment to eradicate seed born fungl dwing
storage. Thus, the i» vifro experiment was aimed to
compate the intikitory effect of tradiional chemica
fungicide (captan) and botard cal fungeide (eugenol) seed
codting substanices against rice seed borne fing. Rice
seeds will be also stored before sowing; therefore, the
effectiveness and their shelf-life of the different seed
coating substances during storage were also studied.

MATERIALS AND METHOD 5

Seed materialeprep avation: The study was conducted at
Depattmert of Agricultwal Techtnlogy, Faculty of
Techniology, Maha Jardkbam Urdwversity, Thaland and
the Jeed Scietce and Technology Laboratory, Faculty of
Sgricultuwre, Department of Agronomy, Chiang Ma
Usdversity, Thailatnd in the year 2007 - 2008, Dy graded
tice seeds (Crpzasafiva L. ov, KDMIL 105) from one seed

Lot wrer e supplied from the Bureaw of Seed Mdtiplicati on
of Thaland The irtial seed moishare content and
germinaion  percertage  were 1063 ad  96.00%,
tespectively. The split-plot design with four replications
was applied The main plot was seed coating substances,
which were captan (C&), only chitosan lgnosdphonate
polymer (CL)  eugenol incorporated into  chitosan
lignosuphonate polymer (EHCLY) and control (OO0
(Fig l&d). The sub-plotwas the 12-month storage period
seeds were randonly stored in a plastic bag sealed and
then kept in an itcubation chamber, (FKPBA395FL,
Termak s, 3/ 2-558 Germars?). The storage wascarried out
at controlled termperatiare of 30270 and relative Inmidity
of 40£5%. Seeds were sampled immediately and thern
every  tonth for seed borne fungl determination
collected

Traditional captan treatment preparation (CA): Captan
fungicide (1, 2, 3 and d-tetrabrc 0-M- (b chlorom ethy] th o)
phthalimide was applied as slurty dust in a solution of
palyethylene glyeol (PEG 2000 at -2 WPa) (4 g of captan
per 1 kg of the seeds). After that, seeds were dried to
10£2% of moistare content (I at 357°C to obtain a
gimilar MC as the cordrol (urtreated) seeds.

Chito san-lignoe sulp ho nate coating polymer preparation
(CL): Thtee percertage of chitosanlignosdphonate
coating polyner was prepared by adding 3 g chitosan
(Fluka, Germate?) irdo 100 mL of 1% wi acetic acid
cotnbined  with 1% wir sodivm lgnosdphonate

(Fluka, Getmatry) it distilled water. Thery the chitosan-
lignosdphotate polymet was spraved and mivedwell into
500 g seeds. The seed MC of 1042 %% was cbtained after
dieing at 35°C.

Fig 1: Riee seed coated with warious seed coating substances, (1) CO, (W) C&, (&) CL and () E+CL
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Table 1: The analysis of varance (ANOVA) for seed treatments and storage time on seed bome fungi control

Statistic significant (P)

SOV df A. solani R solani Curvidaria sp. A. favus A. niger B. oryzae N oryzae  Fusarium sp.
Treatment (T) 2 #* * # * # e #* i
Storage time (8) 12 #* * * * " " * "
=8 24 # * # # * * & w

*Significant different at the 0.05 level of probability

Table 2: The 50% inhibitory effect enhancement of various seed coating substances against rice seed bome fungi during storage

Treatment
Storage
(Months) CA CL E+CL
0 - - -
1 - Curvidaria sp. -
2 - NMNgrospora oryzae. -
3 Migrospora oryzae Fusaritm mordliforme, Rhizoctoria solani -
4 - Alternaria solani, Aspergilius flavus, Nigrospora orvzae
Aspergilius niger .
5 - - Aspergilius flavis, Aspergillus niger, Cupvilaria sp.
6 Aspergilius favus, Aspergillus niger, Bipolaris orvzas -
Curvidaria sp.
7 Bipolaris orvzae, Fusarium moniliforme Alternaria solavi, Fusarium moniliforme,
Rhizoctonia solani
8 Rhizoctonia solani -
9 Alternaria solari -
10 - -
11 - Bipolaris orvzae
12 - -

Fugenol incorporated into chitosan-lignosulphonate
coating polymer preparation (E+CL): One percentage of
eugenol incorporated into chitosan-lignosulphonate
coating polymer was prepared by adding 0.5 mL eugenol
active compound solution (Fluka, Germany) into 50 mL of
3% chitosan-lignosulphonate coating polymer binder.
Then, it was sprayved onto mixed-well 500 g seeds
samples. The seeds were dried at 35°C to obtain MC of
104£2%.

Seed health testing: According to ISTA (2006), the
Blotter method 1s the testing method recommended for
seed bormne fungi detection. The procedure started with
the test of a 400 seeds working sample in four replications
and 25 seeds per dish were placed on three filter papers
(blotters) which were soaked well in sterilized water. The
seeds were later incubated at 20-25°C in 12 h light for
14 days. Seed borne fungi infection was recorded under
a stereoscopic microscope (Olympia-SZ61). Then, the
mtubition percentage of each seed bomn species was
calculated, based on control seed, with the following
equation:

Infection control (%6)-Infection sample (%6) N
Tnfection control (%o)

Tnhibition percentage = 100

Calculation and statistical analysis: The data are
presented as MeantStandard deviation. The analysis of
variance was performed for data analysis and
differentiated with 1.SD test at p<t0.05 using the software
SX release 8.0 (Analytical software, Tallahassee, TTSA).

RESULTS AND DISCUSSION

The ANOVA results indicated that the effectiveness
of seed bome fungi control were sigmficantly affected by
seed treatment variants, storage duration as well as
interaction between them (Table 1). As shown in Fig. 2,
E+CL showed a strong mnhibitory effect on seed borne
fung: depending on storage period, especially the early
storage period. Within 5 months storage there was no
significant difference of the intubitory effects in E+CL and
CA. The inhibitory effects differences of both treatments
became sigmficant when the seeds were stored longer
than 6 months (p<0.05). CL showed slightly intubitory
effect, prior to 3 months storage.

During storage, the results are expressed the
effectiveness of each seed treatment variants to control
seed borne fungi. The results of 50% inhibitory effect
(TE;) could be classified into three groups. Firstly, CA
had more capability to mlubit Alternaria solani,
Rhizoctonia solani, Curvularia sp., Aspergillus flavus
and Aspergillus niger than CL. and E+CL (Table 2).

For A. solani, CA could maintain the 50% mhibitory
effect for 9 months. The E+CL kept the inhibitory effect
for 7 months, whereas CL inhibited this fungus only for
4 months (Fig. 3, Table 2).

Comparing the inhibitory effects on /. solani, the CA
and E+CT. had the 50% inhibitory effect at 8 and 7 months
respectively, but the CL inhibited R. solani for only
3 months (Fig. 4, Table 2). CA and E+CL could remain
inhibitory effect on Curvularia sp. for at least 6 and
5 months, respectively (Fig. 5, Table 2).
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2: The effect of various seed coating substances on
the total fungi mnhibition percentage during
12 months of storage (The results indicated in term
of Meant+SD)
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3: The inhibitory effect of various seed coating
substances on Alternaria solani during 12 months
of storage (The results indicated in term of
Mean+3D)
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4: The inhibitory effect of various seed coating
substances on  Rhizoctonia  solani during
12 months of storage (The results indicated in term
of Meant+SD)

Figure 6 and 7 demonstrate the antifungal activity of

various seed coating substances on A. flavus and
A. niger. CA could enhance 50% inhibitory effect up to
6 months for A. flavus and 5 months for 4. niger. E+CL

Inhibition (%6)

Fig.

Inhibition (%)

Fig.
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Fig
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5. The mhibitory effect of wvarious seed coating
substances on Curvularia sp. during 12 months of
storage (The results indicated in term of
Mean+5D)
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6: The mhibitory effect of wvarious seed coating
substances on  Adspergillus  flavus  during
12 months of storage (The results indicated in term
of Meant+SD)

100+
90+
80+
70+
604
501
40+
304
20+
101
0_

—— CA
- CL
—=— E+CL

6 1 2 3 4 5 6 7 8 9% 10 11 12

Storage time {months)

. 7: The mhibitory effect of wvarious seed coating
substances on Aspergillus niger during 12 months
of storage (The results indicated in term of
Mean+5D)

could enhance inhibitory effect to 3 months for 4. flavus
and 4 months for 4. miger. CL. showed the highest
susceptibility and could itubit both fungi for only
3 months.
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Fig. 8 The inhibitory effect of wvarious seed coating
substances on Bipolaris oryzae during 12 months
of storage (The results mdicated mn term of
Mean+3D)
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Fig. 9: The mhibitory effect of various seed coating
substances on  Nigrospora  oryzae during
12 months of storage (The results indicated in term
of Mean+SD)

In the second group, E+CL showed stronger
mhibitory effect on Bipolaris oryzae (11 months) than CA
(7 months) and CL. (6 months) (Fig. 8, Table 2). This
treatment had 4 months an inhibitory effect on N. oryzae.
CA inhibited V. oryzae for 3 only months and CL for less
than 2 months (Fig. 9, Table 2).

For the last group, as showed mn Fig. 10, both CA and
E+CL showed no sigmficant difference of nhibitory effect
on F. moniliforme. The E+CL coating polymer and CA
could control F. meniliforme within 7 months of storage.
With CL, F. moniliforme could be generated after 3
months (Table 2).

The present study demonstrated the antifungal
activity of EACTL treatment. Moreover, the combination of
E+CL might be useful as part of a strategy to reduce
losses caused by fungi infection, declined resistant of
current use of chemical fungicide, but offered equivalent
mhibition of seed bome fungi to the commercial
recommended captan.

1004 = CA
90+ - CL
80+ —=—E+CL
= 701
£
= 601
g 504
% 40~
30
204
10+
c L} T T L] L] r T L] L] L] L] 3 L] 3 1
0 1 2 3 4 5 6 7 8 9 10 11 12
Storage time (months)

Fig. 10: The inhibitory effect of various seed coating
substances on Fusarium moniliforme during
12 months of storage (The results indicated in
term of Mean+SD)

This study has mdicated that a bioactive coating
polymer consisting of a combination of eugenol with
chitosan polymer. This combination makes it possible to
exploit  both antifungal and eliciting properties of
chitosan polymer, as well as the biological activity of the
eugenol.

The study result suggested that the effectiveness of
EA+CL coating polymer might be related to the interaction
of the antifungal activity of eugenol as active compound
and chitosan polymer. Consistent with other scientific
data, Don ef al. (2001) reported that chitosan polymer had
intlubitory effect against 16 different fungi, especially on
Fusarium sp., R. solani and Phomopsis sp. Han (2000)
supported that chitosan 1s bio-polymer, which provided
antifungal activity against A. solani and F. moniliforme,
although antifungal activity of chitosan polymer on other
fung1 was reported by Roller and Covil (1999). Moreover,
the result of the previous experiment mdicated that
eugenol had a strong antifungal activity. Furthermore,
number of studies supported that eugenol from clove oils
was effective against seed borne fungi (Chami et af,
2005b; Evandro et al., 2005).

The HPTLC results indicated that eugenol essential
oil was persisted well on the E+CL coated seeds
(Fig. 11a-c). From the literature, it 1s known that chitosan
polymer was act to provide carrier, barrier and protective
functions of eugenol, which could be incorporated mto
the coating material to improve its general functions.
Labuza and Breene (1988) found that when antifungal
agents are incorporated into the chitosan polymer,
the coating polymer could either inhibit or prevent
microbial, especially on fungal growth, because
chitosan polymer can be prolong the shelf life of
antifungal agent and maintain the effectiveness
(Ouattara et al., 1999).
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Fig. 11: (a-¢) The persistence of eugenol active compound on the E+CL coated seeds compared with standard eugenol,
established by HPTLC with the solvent system of C;H,-EtO

A major consideration for the study is how to
achieve and maintain the antifungal activity of aective
compounds. The experimental results suggested that CL
polymer could control and enhance the releasing rate of
antifungal agent for the long time. Consistent with
Smith et al. (1990) reported that antifungal agents once
incorporated into CL polymer could provide antifungal
activity by releasing the active compound at a controlled
rate. Moreover, Ngah and Liang {1999) found that the use
of chitosan coating polymer is better than the direct
drench application, because it can control and enhance
the releasing rate of antifungal agent for the long time.
Normally, when antifungal agent is added into the coating
polymer, it affects general physical and chemical
propertics of coating polymer substances such as
elongation, oxygen and water permeability and water
absorptiveness (Han, 1996). The adequate solubility of

the eugenol is an important point to indicate this
antifungal agent can be incorporated well into chitosan
polymer (Padgett et of., 1998).

The experiment suggested that the diffusion between
coating polymer, antifungal agent and
partitioning at the interface is the main migration of active
compound involved contacting with the tested
microorganism on the surface seed. According to
Jun et «l. (2005), antifungal agent can imitially be
incorporated into the chitosan coating polymer and
migrate to the seed swface through diffusion and
partitioning. The controlling of release rate and migration
of antifungal agent from chitosan coating polymer to

chitosan

contact target microorganism is a very important factor in
establishing the ecffectiveness of antifungal agent
(Roller and Covwil, 1999). However, the experiment results
showed the reduction of antifungal activity due to the
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deterioration of antifungal agents during long-term
storage. According to Horita and Kodama (1996) reported
that the deterioration of antifungal activity i1s among
others related to high temperatures and high relative
humidity, which affect the chemical stability of
mcorporated antifungal agent and reduce so their activity
(Lee et al., 2004). Besides chemical degradation, loss of
volatile property of essential oil is a reason for the loss of
antifungal activity during the storage (Han and Floros,
1999). Moreover, their efficacy is often limited by poor
retention at the site of action due to the self-cleansing
action of eugenol (Don et al., 2001).

In addition, the experiments suggested the loss of
antifungal activity of eugenol during storage due to the
differences of the chemical and biological characteristics
between seed and coating substances such as pH, water
activity, temperature, oxygen availability, carbon dioxide
levels, presence of antimicrobial and nutrient content
availability provide different environmental effect on
microorgamsms and antifungal agent to act. Nah and Jang
(2002) found that the lipids components of the seed might
affect the activity of essential oils because of the
hydrophobic properties of their active compounds. This
minor activity iz vivo could be because of interactions of
essential oils active compounds (known to be lipophilic)
with chemical components, such as proteins and lipids,
decreasing their effective level (Nugraha et al, 2004).
Water activity, storage temperature and their interactions
alter the antimicrobial activity and chemical stability of
mncorporated active substance can decrease the antifungal
activity (Han, 2000).

Moreover, most species of fungi were growth in wide
values of temperature and water activity (Dix and
Webster, 1995). The experiment suggested that the rates
of inhibition of fungal growth differ at various water
activities, depending upon the species, type of cell and
factors associated with the environment in which cells are
suspended. Beyond some optimum concentration of
essential oil, e.g. below some optinum water activities,
solutes may act fungi. This might be the penetration of
eugenol mto the cells of the pathogen 13 mproved in the
presence of water activity and therefore pathogens could
be more easily controlled (Paster et al, 1995
Zambonelli et al., 1996). However, the interaction of rice
seed, essential oil, coating substances and pathogen was
very complex that why the result in vivo was different
from that in vitro. According to the present study, the
antifungal mechanisms of essential oils combined with
chitosan coating polymer were remain unclear. More work
on synergistic action of essential oils and coating material
in vitro and in vive conditions 1s required.

The eugenol (the main component of clove oil) is a
phenolic compound. The antimicrobial activity of this
essential o1l can be attributed to the presence of an
aromatic nucleus and a phenolic -OH group that 1s known
to be reactive and to form hydrogen bonds with active
sites of target enzymes (Farag et al., 1989). Tt was
described that the hydroxyl group (bound to a benzene
rning) 18 mmportant for the activites of antifimgal
compounds that these activities are enhanced by the
presence of a-b double bonds (Ultee et al., 2002). The
experiment suggested that the acidic pH conditions
from CL polymer could alter the 1omzation
(dissociation/association) of hydroxyl group, which can
change the antimicrobial activity of eugenol (Wang et al.,
2006). Moreover, this condition affects on the growth rate
of target microorganisms because fungi generally grow
well in acidic conditions. Furthermore, Dix and Webster
{1995) pointed out that the H" concentration has direct
effect on fungal metabolism due to the buffering system
1in hyphae, may influence the 1omzation of salts in solution
and the permeability of the plasmalemma of the hyphae.
Additionally, enzyme activity is also affected by H'
concentration (Enokibara et af., 1993).

The results of owr experiments reported that during
the storage time, the antifungal activities of captan
fungicide were not long lasting because captan has low
antifungal level. Moreover, the experiment mnvestigation
suggested that the resistance of certain insolated fungus
to the captan fungicide found in this study could be
caused by the exposure of the fungus to the intensive
chemical control, which leads to the pre-resistant to the
fungicide condition

CONCLUSION

This study demonstrated that eugenol s very active
to inhibit rice seed bome fungi and could be an alternative
replacement for the synthetic chemical seed treatment.
E+CL coating polymer had a potential antifungal activity
against seed borne fungi as F. moniliforme, A. solani,
B. oryzae, R. solani, Curvularia sp., A. flavus and
A. niger which are often resistant to available antifungal
agents. However, the mhibitory effects in vive were not
as strong as those ir vitro. Further studies are required to
emphasize on the effects and toxicity of E+CL coating
polymer in rice seed and examining their safety for using
as antifungal agents against rice seed borme fung:.
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