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ABSTRACT

Diseases, particularly bacterial wilt caused by Ralstonia solanacearum is a
major constraint to vegetable production. Protected cultivation has been proven
effective in reducing disease incidence but additional control measures need to be
integrated in highly infested soils to mitigate the losses due to diseases. This paper
reports the effect of resistance elicitors, particularly chitosan, acetylsalicylic acid
and SiO2 in mitigating bacterial wilt disease problem and other naturally occurring
diseases intwo field trials. Two hundred ppm chitosan, acetylsalicylic acid and their
combination had reduced bacterial wilt incidence and increased the yield of tomato
under protected cultivation, but not in the open field. SiO2 was not able to reduce
bacterial wilt incidence in tomato but had reduced the nematode count, especially
Rotylenchulus sp. in the roots, particularly when drenched. Protected cultivation
still proved effective in reducing bacterial wilt incidence in both experiments. It's
potential to protect crops against bacterial wilt is further enhanced by the
application of chitosan and acetylsalicylic acid, most especially the combination of
these treatments. The potential of chitosan and acetylsalicylic acid in protecting
plants in the open field against bacterial wilt may be enhanced by the addition of a
sticker.
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INTRODUCTION

Plant diseases are a continual problem in agricultural production and can inflict
serious crop losses during production. Among the major diseases affecting tomato
are bacterial wilt caused by Ralstonia solanacearum and leaf mold caused by
Pseudocercospora fuligena. Nematode diseases are also common. Bacterial wilt
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in particular have caused significant economic losses which is greater for tomatoes
than in any other crop particularly with high rainfall (Hayward 1991). The disease is
difficult to control due to its genetically diverse soil borne pathogen with a wide host
range (Champoiseau, Jones & Allen 2009).

Bacterial wilt occurs in most warm tropical and subtropical countries and is a
significant problem in Eastern Visayas, Philippines with type 2 climate
(characterized by having no dry season but a pronounced maximum rainfall from
November to January in the Eastern Part), and Type IV (characterized by even
distribution of rainfall the year round and a short period of dry season that can be
observed starting February up to May (Arkipelago 2016).

No single method has shown 100% efficiency in controlling the disease. An
integrated management strategy needs to be done for its management. A
combination of general control methods, including host resistance, cultural
practices, and the use of chemical or biological control in an integrated pest
management approach is advised (Momol etal 2000).

Off season production of tomato has been uneconomical when field grown due
mainly to the occurrence and high incidence of diseases favoured by too much rain.
Protected cultivation using low-cost protective structures, however have made off-
season production of tomato possible and economical (Gonzaga et al 2013).
Protected cultivation protects the plants from too much rain. Disease incidence
under protected cultivation, particularly bacterial wilt incidence is minimized in
vegetables grown under protective structure (Borines etal 2016).

In soils that are highly contaminated with the bacterial wilt pathogen, protected
cultivation alone may not be sufficient to reduce the damage of this disease.
Furthermore, some farmers may not be able to afford the cost of the protective
structure such that alternative control strategies need to be discovered.

Resistance elicitors had been reported to protect plants against disease. Some
studies have shown that Silicon for example is effective in controlling diseases
caused by both fungi and bacteria in different plant species. Studies of Dannon &
Wydra (2004) revealed that silicon amendment significantly reduced bacterial wilt
incidence expressed as area under disease progress curve for tomato genotypes.
Silicon alleviates abiotic stresses by increasing the resistance of plants to
pathogenic fungi (Fauteux et al 2005). Silicon increases rice resistance to leaf and
neck blast, sheath blight, brown spot, leaf scald and stem rot (Datnoff & Rodrigues
2005).

Chitosan, a polymer of -1,4 glucosamine residues which is a deacetylated
derivative of chitin is another resistance booster. It is extracted from exoskeletons
of crustaceans and insects and which is also reported to have direct antimicrobial
properties aside from being a potent elicitor of resistance in plants (Amborabe et al
2008). Chitosan was proven effective in controlling numerous pathogenic fungi,
including root and necrotrophic pathogens, such as Fusarium oxysporum, Botrytis
cinerea, Monilinia laxa, Alternaria alternata and Pythium aphanidermatum (El
Hassni et al 2004, Benhamou 1992, Soleimani & Kirk 2011, El Ghaouth et al 1994,
Romanazzietal 2002, Ait Barka et al 2004 & Lafontaine et al 1996).

It was also reported to induce resistance in plants against bacterial diseases
such as potato scab caused by Streptomyces scabies (Vruggink 1970), bacterial
wilt in tomato (Algam et al 2010), Agrobacterium tumefaciens (Rabea et al 2009)
and poinsettia leaf spot caused by Xanthomonas axonopodis (Li et al 2008). Local
researchers also demonstrated the ability of chitosan to control heart rot disease of
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abaca (Musa textilis Nee) caused by Pectobacterium chrysanthemi (Nifio 2009)
bacterial blight of rice caused by Xanthomonas oryzae pv. oryzae (Modina, Calibo &
Borines 2009), rice blast caused by Magnaporthe grisea (Piamonte 2010) and
Ralstonia solanacearum in tomato in in vitro and pot experiment (Borines et al
2015).

Acetyl salicylic acid (Aspirin) on the other hand is another known elicitor
reported to induce systemic acquired resistance to some plants, protecting them
against microbial attack (Agrios 2012). Piamonte (2010) found that 50ppm of
acetylsalicylic acid was more effective in reducing rice blast severity compared to
100and 150ppm.

Despite the several works conducted towards the management of vegetable
diseases, the control of bacterial wilt is still very difficult such that the search foran
effective management strategy is a continuous endeavour. Breeding for disease
resistance has not been very successful because of the extensive variability of
bacterial strains and the interactions of a myriad of biotic and abiotic factors.
Commercial chemicals which include antibiotics, fertilizers, and fungicides have
been already tested as control but without much success (Elphinstone & Hartman
1992). Resistance boosters may be tried towards its management.

This paper reports on the evaluation of three known resistance elicitors namely:
chitosan, and acetylsalicylic acid and SiO2against bacterial wilt disease of tomato
grown under open and protective cultivation.

MATERIALS AND METHODS

Field trials on the effect of chitosan, acetylsalicylic acid and SiO2 on bacterial
wilt of tomato and other naturally occurring diseases were conducted from March
2014 to November 2015 in the experimental area the Visayas State University. The
field is known to be highly infested with bacterial wilt pathogen based on previous
croppinginthe area.

Effect of Chitosan, Acetylsalicylic Acid and Streptomycin on Naturally Occurring
Diseases of Tomato

A 5mx40m (200m?) area both in the open field and under a low- cost protective
structure was plowed and harrowed and three long raised beds were prepared
running along the length of the plots. The three long plots were divided into four
subplots across with each subplot serving as a block.

Tomato seeds, var. “Diamante Max” were pre-germinated in the nursery for 17
days and were hardened outside nursery for one week before transplanting.
Seedlings were transplanted to the plots with a distance of 50cmx50cm per
seedling per hill. Drip irrigation was used for watering the plant. Complete fertilizer
(16-16-16) was applied as basal with a rate of 10g per hill mixed with 50g
carbonized rice hull. Calcium Nitrate (1509 per 16L) was also drenched at 150mL
per hill until flowering stage. A combination of 16-16-16 (1509 per 16L) and 0-0-60
(150g per 16L) with aratio of 2:1 were applied at fruiting stage at 150mL per plant.

Two hundred ppm each of chitosan, acetylsalicylic acid (Aspirin), streptomycin,
and combination of chitosan + aspirin and chitosan + streptomycin were applied as
weekly spray to the plants. The specific treatments were: T0-untreated (-control),
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T1-Chitosan, T2-acetylsalicylic acid, T3-Chitosan + acetylsalicylic acid, T4-Chitosan
+ Streptomycin and T5- Streptomycin (+ control). The treatments were sprayed until
the onset of fruiting. There were eight plants per replicate per treatment and 4
border plants were provided. The experiment was laid out in Split Plot Design with
fourreplications per treatment.

The data gathered include horticultural characteristics such as number of days
to: 50% flowering, 50% fruiting, to first and last harvest, plant height at flowering
stage; weekly disease incidence (% infection) and severity using a disease score
used by Ayana and Wydra (2011) as follows: 0-no infection, 1-one leaf wilted, 2-two
leaves wilted, 3-three leaves wilted, 4-wilting of all leaves without the tip and 5-
wilting of the whole plant; and yield such as: number and weight of marketable and
non-marketable fruits.

Evaluation of SiO, Against Naturally Occurring diseases of tomato

The same area of 200m’ (5mx40m) in an open field and under protective
structure used in the previous experiment was used. Three long raised beds were
prepared running along the length of the plots. The three long plots were divided into
four subplots across with that served as the 4 blocks.

The same variety “Diamante Max” were pre-germinated in the nursery using the
same procedure as in the previous experiment and transplanted to plots at 50cm
distance per hill. The fertilization scheme of the previous experiment was also
followed.

Two hundred ppm (200ppm) of SiO, was applied by drenching (T1), spraying
(T2), drenching and spraying (T3) and water applied (control) at weekly interval.
Sixteen plants were used as test plants per treatment and 4 plants at each end
served as a buffer. The treatments were laid out in Split plot in Randomized
Complete Block Design with four replications per treatment. Disease occurrence
and incidence, selected horticultural parameters and yield and yield components
were the data gathered.

RESULTS AND DISCUSSION

1. Evaluation of Chitosan, Acetylsalicylic Acid and Streptomycin Against Naturally
Occurring Diseases of Tomato

A. Effect of treatments on horticultural parameters

The chitosan, acetylsalicylic acid and streptomycin treatments showed no
effect on the number of days from transplanting to 50% flowering, 50% fruiting, and
first harvest. The number of days to last harvest was however higher in tomato
plants grown under protective structure compared to tomatoes grown in the open
field (Figure 1). The longer production period of plants grown under protected
cultivation consequently resulted to higher marketable fruits and more number of
fruits produced.
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Figure 1. No. of days to flowering, fruiting, first and last harvest between 2 cultivation
conditions

B. Effect of treatments on disease Incidence and severity

Two diseases had affected the tomato plants in this trial, ie, bacterial wilt
caused by Ralstonia solanacearum and leaf mold caused by Pseudocercospora
fuligena. The bacterial wilt incidence was very high (as high as 94% in the open field;
Table 1). The different treatments were effective in reducing bacterial wiltincidence
but only in tomatoes grown under protected cultivation (Table 1). All treatments, ie,
chitosan, acetyl salicylic acid, streptomycin and their combination produced lesser
bacterial wilt incidence compared to untreated plants although only Acetylsalicylic
acid alone and + chitosan acetylsalicylic acid was significantly lesser. The disease
severity ratings of individual plants did not vary significantly between elicitors. The
bacterial wilt incidence were much higher in plants grown in the open field (88%)
than plants grown inside protective structure (33%).

Table 1. Bacterial wilt incidence and severity in tomatoes sprayed with chitosan, acetylsalicylic acid,
streptomycin and combination

Disease Incidence (%) Disease Severity Rating
e T L v
Untreated (- control) 94.0 60.0? 476 248
Chitosan 82.0 28.0% 428 1.14
Acetylsalicylic acid (Aspirin) 94.0 240 4.84 1.12
Chitosan + Aspirin 82.0 26.0° 4.42 1.16
Chitosan + Streptomycin 90.0 28.0% 4.60 1.34
Streptomycin (+ control) 86.0 34.0% 418 1.62
Mean** 88.0° 33.38 4.51 1.48
CV (%) 20.0 320 13.2 39.3

*Means within the column followed by same small letters are not significantly different at 5% Tukey's HSD
**Means within the row followed by same big letters are not significantly different at 5% Tukey's HSD
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A high incidence of leaf mold was also observed affecting tomato in this trial.
The treatments showed no significant effect on the leaf mold incidence in the open
field. Under protected cultivation, however, the plants sprayed with the combination
of chitosan and streptomycin produced significantly lesser leaf mold incidence
(Table 2). In both areas, plants sprayed with chitosan plus streptomycin produced
significantly lower leaf mold disease severity rating.

Table 2. Leaf mold incidence and severity in tomatoes sprayed with chitosan, acetylsalicylic acid,
streptomycin and combination

Disease Incidence* (%) Disease Severity Rating*

Treatments ) Protected ) Protected

Open Field Cultivation Open Field Cultivation
Untreated (- control) 94.0 70.02 2.8° 1.12
Chitosan 86.0 66.0 2.2% 1.0?
Acetylsalicylic acid (Aspirin) 92.0 68.0° 292 1.12
Chitosan + Aspirin 86.0 68.0 2.6% 118
Chitosan + Streptomycin 80.0 40.0b 2.1b 0.6°
Streptomycin (+ control) 86.0 65.8° 2.2 0.9
Mean*(Cultivation Condition) 87.34 62.96° 2474 0.978
CV (%) 12.02 12.5 7.0 79

*Means within the column followed by same small letters are not significantly different at 5% Tukey's HSD
**Means within the row followed by same big letters are not significantly different at 5% Tukey's HSD

C. Effect of treatments onyield

Among the yield parameters evaluated (mean number, weight of marketable &
non-marketable fruits, mean polar & equatorial diameter of fruits), significant
difference between elicitor treatments was only observed in the weight of
marketable fruits, and only in plants grown under protected cultivation. Based on
marketable yield results, all the elicitors and their combination had produced higher
marketable yield in tons per hectare compared to untreated plants. The highest
yield (41.45t ha') was produced by the chitosan+acetylsalicylic acid treatment
(Table 3). This was followed by acetylsalicylic acid alone, chitosan alone and the
combination of chitosan+ aspirin. The mean weight of marketable fruits was also
higher in plants under protected cultivation (34.43t ha") than in the open field (14.7t
ha"). Furthermore, tomato fruits in plants grown under protective structure had
higher polar and equatorial diameter (Figure 4).

Protected cropping had also produced higher yield in tomato. Plants grown
under protective structure produced higher mean fruit weight, more and larger fruits
compared to plants grown in the open field (Figure 4). Harada et al (1995) reported
that application of chitosan in the field increased shoot growth, branch length, node
number per plant and seed yield of soybean and total root length per plantincreased
by chitosan application in the pot experiment. Chibu and Shibayama (1999)
reported that chitosan at 0.1 or 0.5% increased leaf area, leaf dry weight and leaf
length of soybean, lettuce and rice whereas chitosan at 0.1% showed positive
effects onleaf area, leaf length and dry weight of tomato.

The higher yield of tomato that were sprayed with chitosan and acetylsalicylic
acid in tomato plants grown under protective cultivation is apparently due to the
combined benefits of the elicitor treatments and protected cultivation. The most
probable reason why the different elicitors did not show disease control and had not
increase the marketable yield of tomato in open field cultivationis most likely due to
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frequent rains that had washed off the treatments since no sticker was added to the
treatments.

Table 3. Marketable fruit weight of tomatoes sprayed with chitosan, acetylsalicylic acid,
streptomycin and combination under open and protected cultivation

Marketable fruit weight (t ha™)

Treatments Open field Protective structure
Control 18.36 25.31°
Chitosan 20.64 36.19%
acetylsalicylic acid 19.90 36.40%
Streptomycin 16.96 33.46

Chi+ acetylsalicylic acid 15.97 4145

Chi+ Streptomycin 19.18 33.79%
Mean 18.508 34.43
CV(%) 147 15.68

Means within a column followed by the same letter and those without letter designation are not significantly different at 5% level

of significance
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Figure 2. Comparison mean polar and equatorial diameter of fruits between of cultivation conditions
regardless of chitosan-acetylsalicylic acid treatments
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Evaluation of SiO, Against Naturally Occurring Diseases and Yield of Tomato

Effect of SiO2 and Cultivation Condition on Disease Ratings Incidence and Disease
Severity Rating

In SI02 trial, only bacterial wilt was observed infecting the plants but root
samples were also examined for nematodes. SiO2 showed no significant effect on
bacterial wiltincidence and disease severity. The cultivation condition, however had
an effect. Plants grown inside protective structure had lesser bacterial wilt
incidence (37.1%, Figure 3a) compared to plants outside (68.4%) but the disease
severity rating per plant did not vary significantly (Figure 3b).
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Figure 3. Bacterial wilt incidence (a) and severity rating (b) between open and protected cultivation,
regardless of Si02 treatments
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Five plant parasitic nematodes were extracted from the rhizosphere of tomato
plants in the open field, namely: Rotylenchulus, Hemicycliophora, Helicotylenchus,
and Xiphinema and root knot nematode, Meloidogyne incognita (Figure 4). The
same nematodes were also recorded under structure except Hemicycliophora
(Figure 5). Among the nematodes, Rotylenchulus sp. was the most abundant
whose population was highest (mean of 45.5 nemas per 300g soil) in untreated
plots in open field cultivation and in plots sprayed with SiO2 (63 nemas per 300g
soil) under protective cultivation. The population of Rotylenchulus were generally
higher in the soil under structure while the other nematodes were generally lower in
the openfield.
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Figure 4. The nematodes extracted from 300g of soil sample in the rhizosphere of tomato plants
grown inthe open field, treated Si02 with different application methods
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Figure 5. The nematodes extracted from 300g of soil sample in the rhizosphere of tomato plants
grown inunder protective structure, treated Si02 with different application methods
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When the population of Rotylenchulus (the nematode with highest population)
was compared between SiO2 treatments, the number was evidently lower in Si02
drenched plants grown under structure (17.75) and drenched plus sprayed (15)
compared to untreated soil and SiO2-applied as spray to plants, particularly in the
open field (Figure 6). This was not observed in plants under protected cultivation.
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Figure 6. Average number of Rotylenchulus sp. recorded from 300g soil samples

Effect of SiO2 treatments and cultivation condition on yield

Plants grown under protective cultivation significantly produced more fruits
than in the open field. Plants under the protected structure also had much higher
marketable fruit weight compared to those in the open field with 22.97 and 5. 56
tons perharespectively (Figure 7).

The SiO2 treatments had no significant effect on yield when compared to the
control. The highest marketable fruit yield was from plants sprayed with SiO2 with
an average weight of 16.18 tons per ha but this was not significantly different from
the untreated plants (Table 4). The SiO2 treatments also had no effect on the
number of fruits in one replicate plot (9m? area). The non-significant effect on yield
could be due to inclement weather which occurred towards the end of the cropping
period due to typhoon Ruby.

The first trials demonstrate that 200ppm chitosan, acetyl salicylic acid,
streptomycin and their combination can reduce bacterial wilt incidence and
increase yield of tomato under protected cultivation, with chitosan-Acetylsalicylic
acid as the most effective treatment. Borines et al 2015 found the direct inhibitory
property of chitosan against R. solanacearum in vitro and 200ppm concentration
was the most effective concentration in reducing bacterial wilt severity in
inoculated tomato plants maintained in the screenhouue. The ineffectiveness of
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Figure 7. Marketable fruit weight (tons/ha) and number of fruits per 10m2 area between tomatoes
grown under open and protected cultivation

SiO2 did not protect plants from bacterial wilt infection but had reduced the
nematode count in the roots, particularly Rotylenchulus sp. which was the most
abundant nematode found. In the second trial reduction in nematode count may be
cause of increased yield in plants treated with SiO2. The effectiveness of Si02 in
protecting plants against bacterial wiltis reported to be selective depending on host
genotype. Dannon & Wydra (2004) found that Silicon showed differences in
protecting plants against bacterial wilt. The wilt incidence in silicon-treated plants
of genotype L390 reached 100% at 13 days post-inoculation (dpi), while in genotype
King Kong2, plant death was retarded by 6 days, with 20% reduction of final wilt
incidence. It could be that the variety used in the current study “Diamante Max” is
really very susceptible to the disease such that the SiO2 treatment had not been
able to induce resistance in the plants. The susceptibility of “Diamante Max” to the
strain of the bacterium existing in the experimental area was reflected in the very
high disease incidence (as high as 68.38%) in open field cultivation.

Two hundred ppm SiO2, applied as drench and drench+spray, however was able
to reduce nematode count in the tomato rhizosphere. A similar result was observed
by Dugui-Es et al (2010) in cucumber inoculated with root knot nematode. At 200
ppm, one application of Silicon both on the leaves and roots significantly reduced
the number of galls in inoculated plants. This was comparable to the same
concentration applied continuously on the roots and at higher concentration
(400ppm) applied continuously on the leaves and on the roots. In a similar study in
cucumber infested with root knot nematode, the application of Silicon at the rate of
200 ppm significantly increased the marketable yield compared to the higher rate of
Silicon (400ppm, Dugui-Es etal 2010).
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Protected cultivation still proved effective in reducing bacterial wilt incidence in
both experiments with supported the earlier findings by Borines et al (2016). It's
potential to protect crops against bacterial wilt is further enhanced by the
application of chitosan and acetylsalicylic acid, most especially the combination of
these treatments.

CONCLUSION/IMPLICATION

Two hundred ppm chitosan, acetylsalicylic acid and their combination had
reduced bacterial wiltincidence and increased the yield of tomato under protected
cultivation, but not in the open field. SiO2 on the other hand was not able to reduce
bacterial wilt incidence in tomato but had reduced the nematode count in the roots,
particularly when drenched. Another study may be conducted with the addition of
sticker to chitosan and acetylsalicylic acid spray to plants in open field cultivation of
tomato so that they will not be washed out during rains.
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