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ABSTRACT

Wood vinegar is claimed to be pesticidal by several researchers but its
bioefficacy data on specific pests are lacking. This study evaluated 17 wood
vinegars against S. rolfsii causing sclerotium wilt in tomato in vitro and in vivo.
Eleven out of 17 wood vinegars showed direct inhibition to S. rolfsii at 2%
concentration. These include wood vinegars from bamboo, banaba, cacao, caimito,
ipil-ipil, lumboy, madre de cacao, malunggay, mango, panyawan andrice hull. These
wood vinegars varied in their effectiveness in inhibiting the colony growth of S.
rolfsii in vitro, with wood vinegar from ipil-pil showing the highest inhibition to the
fungal growth followed by wood vinegar from lumboy. Wood vinegar from ipil-ipil
however was the most phyto-toxic to tomato. The wood vinegar from lumboy, is
promising since it was one of the most effective in reducing the disease severity in
inoculated seedlings and was one of the least phyto-toxic. The wood vinegars from
malunggay and panyawan, although not very effective in vitro were the most
effective in reducing the disease severity in inoculated tomato plants and retained
their effectiveness longer. Lower concentrations of the wood vinegars as a whole
(0.2%) was the most effective in reducing sclerotium wilt severity over time, even
though this concentration showed no direct inhibition to the fungus in vitro. This
finding implies that wood vinegar may possess another mode of action in
controlling the disease aside from the direct antifungal activity, which could be
induction of resistance in plants to specific diseases.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is cultivated globally for its fleshy fruit,
special nutritive value and protective properties (Hadizadeh et al 2009). It is the
world's largest vegetable crop after potato and it tops the list of canned vegetables
(Omara 2010). Tomato crops have reduced yield due to number of pathogenic
diseases. Such diseases are caused by fungi, bacteria, viruses and nematodes,
which develop through soil-borne or above-ground infections, and in some
instances are transmitted through insect feeding (Wani2011).

Sclerotium wilt caused by Sclerotium rolfsii Sacc. is one of the major and
destructive soil borne phytopathogenic fungi that affect tomato and several other
crops (Fouzia & Saleem 2005, Kokub et al 2007, Maurya et al 2010). It produces a
considerable mass of mycelia and sclerotial bodies on the plant's surface. It can
cause damping-off of seedlings, stem canker and crown blight, root, crown, bulb,
tuber and fruit rots. All these symptoms results in significant yield loss in tomato
(Rakh et al 2011). The sclerotia can survive in soil for long periods, making the
pathogen very difficult to control. It can tolerate biological and chemical
degradation dueto the presence of melanin in the outer membrane (llan 1975).

Several studies have shown the effectiveness of various fungicides for the
control of S. rolfsii (Johnson &d Subramanyam, 2000 Palaiah 2002). Fungicides,
however can be hazardous to the environment and cause side effects on non-target
organisms. Discovery of alternative disease control methods using natural
products that are non- or less toxic are therefore necessary. Wood vinegar is
identified as a potential natural product for disease control.

Wood vinegar, also called pyroligneous acid, pyrolysis oil, pyrolysis liquid, wood
liquid, liquid smoke, liquid wood, bio-oil, bio-crude oil and wood distillate (Zulkarami
et al 2011) is an amber liquid which is a by-product from charcoal production, a
condensate from the combustion of fresh wood burning in airless conditions
(Udompornetal 2010). Ithas been used as atraditional remedy by the Japanese for
over 400 years (Mu et al 2003). Wood vinegar is said to be composed of more than
200 chemicals such as: sugars; acids including acetic acid and carboxylic acid;
alcohols including methanol; formaldehyde, ethyl-valerate, phenols, aldehydes,
ketones, esters, furans and pyran derivatives, nitrogen compounds and tar
compounds (Fengel & Wegener 1984, Kim et al 2008, Ninomiya et al 2004, Burnette
2010). Wood vinegar extract is usually obtained from species used to make
charcoal (Cai et al 2012) and other alternatives such as sugarcane bagasse
(Saccharum officinarum L.,Poaceae, Zandersons etal 1999).

Wood vinegar has been used in a variety of processes, such as industrial,
livestock, household and agriculture products. It was reported to improve soil
quality, eliminate pests, and accelerate or inhibit plant growth (Apai &
Thongdeethae 2001). Wood vinegar was reported to replace chemical pesticides
for organic farming purposes. It was demonstrated to have low mammalian
toxicity, lack neurotoxicity, have low persistence in the environment, and have high
biodegradability (Céspedes et al 2000).

Pyroligneous acid was reported to have bactericidal, fungicidal, and
insecticidal activity (Mu, Uehara & Furuno 2003). Several studies had proven the
antifungal activity of wood pyroligneous acid, such as towards wood decay fungi
Trametes versicolor and Tyromyces palustris (Nakai et al 2005); Curvularia. lunata,
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Bipolaris,Cercospora oryzae, Fusarium semitectum, and Alternaria. padwickii,
causing dirty panicle disease of rice (Chuaboon, Ponghirantanachoke & Athinuwat
2016); Rhizoctonia solani and Sclerotinia sclerotiorum affecting greenhouse
cucumbers (Sabere et al 2013); Alternaria mali, the agent of Alternaria blotch of
apple (Jung 2007); Phytophthora capsici, Fusarium oxysporium, and Pythium
splendens (Hwang et al 2005). Its' antibacterial property was reported against
Ralstonia solanacearum (Hwang et al 2005), dermatitis bacteria (Rakmai et al
2009). Its' insecticidal activity was reported against termites (Yatagai et al 2002,
Adfa et al 2017); against insect damage rating in Chinese kale (Pangnakorn et al
2007); Spodoptera litura (Fereira et al 2013); Sitophilus zeamays (Rahmat et al
2014); Spodoptera frugiperda (Ferreira et al 2013); Nilaparvata lugens and
Laodelphax striatellus (Kim et al 2008); and housefly Musca domestica
(Pangnakorn and Kanlaya 2014). Furthermore, acetic acid, furfural and ether-
soluble (mainly aldehydes, ketones, lignin monomers) and ether-insoluble (“wood
syrup”) fractions of the water extract of wood vinegar induced a clear repellent
effect on snails (Hagneretal 2015).

The Department of Agriculture Regional Office 8 (DA-RF08) through the
Regional Crop Protection Center (RCPC) at the Abuyog Experiment Station in Leyte
had implemented the wood vinegar project and established wood vinegar plants
with funds from the High Value Crops Development Program- Organic Agriculture
Program (HVCDCP-OAP) and TechGen, a company from Cavite which specializesin
different methods and techniques in urban farming (Calesterio accessed, January,
2018). It has maintained a wood vinegar plant and distributed 1,750 liters of wood
vinegar to 340 farmers. Under the OAP of the Department of Agriculture, wood
vinegar is promoted as a fertilizer, insect repellant, soil conditioner, organic
insecticide and fungicide.

The bioefficacy data on the effectiveness of these wood vinegars against local
pests and diseases, however is very much lacking. This study was therefore
conducted to evaluate the efficacy of wood vinegar from different wood sources
against Sclerotium rolfsii, one of the major disease affecting tomato, to identify the
most effective wood vinegar source and determine the concentration that is/are
non-toxic to tomato.

MATERIALS AND METHODS

Procurement of Materials

Wood Vinegars were procured from RCPC at the Abuyog Experiment Station in
Balinsasayao, Abuyog, Leyte. Seventeen different kinds of wood vinegars were
obtained from: panyawan (Tinosphora rumphii), banaba (Lagerstroemia
speciosa), cacao (Theobroma cacao), malunggay (Moringa oleifera), bamboo
(Bambusa vulgaris), tigbao (Saccharum spontaneum), madre de cacao (Gliricidia
sepium), lumboy (Syzygium cumini), mango (Mangifera indica), rice hull (Oryza
sativa), rambutan (Nephelium lappaceum), caimito (Chrysophyllum cainito),
rubber (Hevea brasiliensis), gmelina (Gmelina arborea), libas (Spondias pinnata),
coconut (Cocus nucifera) and ipil-ipil (Leucaena leucocephala). Tomato seeds
(Diamante Max) were procured fromthe local market.
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S. rolfsiilsolation and In vitro Assay

S. roflsii was isolated from infected tomato using PDA medium and using
standard isolation techniques. The different wood vinegars were evaluated for
possible antimicrobial property against S. rolfsiiin vitro. Three sets of in vitro assays
were done. The first assay was a preliminary evaluation and used 17 wood vinegars
at three different concentrations: 0.02%, 0.2% and 2.0%. The wood vinegars which
did not show inhibition in the first assay were not included in the second assay. The
second assay used only 11 wood vinegars that initially showed inhibition to P,
palmivora and assayed against the pathogen at four different concentrations: 0.2%,
0.5%1.0% and 2.0%.

In the preliminary assay, three day old plate culture of S. rolfsii was aseptically
cut with sterile 10mm cork borer and three agar discs of the pathogen was
transferred into the plated PDA amended with the different wood vinegars at three
concentrations with three replications. Three agar discs were placed equidistantly
on each plate. Inthe second assay, only one agar disc was placed on each plate. The
treatments were arranged in two factor factorial in CRD with 3 replications per
treatment. Factor A were the different concentrations and Factor B were the
different wood vinegars.

The colony diameter of the fungus was measured at 72h after inoculation in the
first preliminary trial and at 24, 48 and 72h after inoculation in the second trial.
Sterile distilled water was included as controlin each assay.

Wood Vinegar Toxicity Test

Toxicity test was done under screenhouse condition using nine wood vinegars
from: banaba, cacao, ipil-ipil, lomboy, madre de cacao, malunggay, mango,
panyawan, rice hull and tigbao and at four different concentrations, namely: 0.2%,
0.5%, 2% and 20%. Tomato seeds (Diamante Max) were grown in a seedling tray for
two weeks and transferred into pots with sterilized soil. One week after
transplanting, 15mL of the different wood vinegars were applied to the tomato
seedlings as drench and the plants were observed daily for possible signs of toxicity
to the seedlings. The treatments were arranged in CRD with 3 replications per
treatment. The toxicity rating scale is shown below:

Toxicity rating Description
1 No wilting
2 Slightly wilted
3 Moderately wilted
4 Highly wilted
5 Extreme wilting or plant is dead

Invivo Evaluation of Wood Vinegar Against S. rolfsii

Tomato seeds were sown in seedling tray with sterilized soil and transferred into
pots in the screenhouse. Three weeks old tomato seedlings were inoculated with
one week old culture of S. rolfsii. Agar (40mmx30mm) containing the fungal mycelia
and sclerotia were introduced to the soil near the base of the seedling. One day after
inoculation, 20mL of four concentrations (0.2%, 0.5%, 1.0% & 2%) of 11 wood
vinegars (bamboo, banaba, cacao, ipil-ipil, lomboy, madre de cacao,
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malunggay, mango, panyawan, rice hull & tigbao) were applied as a drench near the
roots of the plants. The treatments were arranged in two factor factorial design in
RCBD with three replicate plants per treatment combination. Factor A were the
different concentrations while factor B were the different wood vinegars. Disease
severity rating was gathered regularly using the same rating scale used in the toxicity
test.

RESULTS AND DISCUSSION

In-vitro Evaluation of Wood Vinegars against S. rolfsii

Among the 17 wood vinegars evaluated against S. rolfsii in the preliminary trial,
11 showed inhibition against the fungus 72h after inoculation. They were: bamboo,
banaba, cacao, caimito, ipil-ipil, lumboy, madre de cacao, malunggay, mango,
panyawan and rice hull. Among the three concentrations used, only 2.0% showed
inhibition of the pathogen. The lower concentrations (ie, 0.02% & 0.2%) did not inhibit
the fungus (Table 1).

Table 1. Colony Diameter (cm) of S. rolfsii as affected by different wood vinegars and concentration
at 3days afterinoculation. (Preliminary Trial)

Treatments 72 Hours
Factor A — Wood Vinegar
Bamboo 4.57°
Banaba 4.77°
Cacao 4.74°
Caimito 4.90°
Coconut 5.27%
Gmelina 5.022
Ipil-ipil 4.90°
Libas 5.02%
Lomboy 4.61°
Madre de Cacao 4.68°
Malunggay 4.68°
Mango 4.60°
Panyawan 4.92°
Rambutan 5.222
Rice hull 4,500
Rubber 4.9620
Tigbao 49772
SDH20 5.76°
Factor B — Concentration
0.02% 50.192
0.20% 50.81°
2.00% 45.63P
A *%
B *%
AB ns
CV% 9.77

** Means followed by the same letter are not significantly different at 5% level Tukey's HSD.
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The 11 wood vinegars that showed inhibition in the preliminary trial were re-
evaluated and theresults are shownin Table 2 and Figure 1. Allwood vinegars at 0.2
and 0.5% showed noinhibitionto S. rolfsii from 24 to 72h after inoculation but some
inhibited the fungus at 1% and 2%. After 24h, 1% ipil-ipil already showed inhibition of
the fungus which lasted until the last observation period (72h). After 48h, 1%
lumboy also showed inhibition of the fungus aside from ipil-ipil which lasted to 72h.
When the concentration was increased to 2%, after 24h, six wood vinegars, namely,
banaba, cacao, Ipil-ipil, lumboy, madre de cacao and rice hull produced significantly
smaller colony diameter of the fungus. After 48h bamboo also showed inhibition
aside from the six earlier mentioned. The seven wood vinegars retained their
inhibitory property at 72h after inoculation.

These trials showed that the almost all of the effective wood vinegars
increased their inhibitory property against S. rolfsii when the concentration was
increased to 2%. A higher concentration may already be phytotoxic to the plants, so
the different wood vinegar concentrations were initially applied to the plants
without pathogeninoculation to determine their phytotoxicity.

L OO0

/4«\_ a

Figure 1. Invitro evaluation of wood vinegars at different concentrations against S. rolfsii (2nd
trial). From left to right for each wood vinegar: sterile distilled water (control), 0.2%, 0.5%, 1.0%
and 2.0%.
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Table 2. Two way table on S. rolfsii colony diameter as affected by different wood vinegars and concentration (2nd trial)

(Treatments) 24 Hours 48 Hours 72 Hours
Wood Vinegar/
Concentration 2%  .50% 1% 2% 2%  .50% 1% 2% 2%  .50% 1% 2%
Bamboo 2428 242% 203% 202% 538 530° 4.45® 410°¢ 822% 828 695%° 6370
Banaba 2428 2458 208% 163 5278 477° 433% 348 8052 7.98 6.70%°c 563
Cacao 2432 232% 200® 127¢ 5278 503° 463® 320% 815 7.87° 6.82%c 575
Ipil-ipil 2400 207%° 175 047¢ 520° 4.60° 3.90° 0.98f 7.93% 7.63* 6.23 155
Lomboy 2322 218 1.85® 163 4832 5032 377° 345¢% 753 7.72¢ 587° 550«
Madre De 2428 235 207% 1754 530° 515° 4.28% 347%% 8127 813 6.85%° 555
Cacao 2.60° 248 242® 205® 5522 527° 495% 445%cd 8482 8132 7.83b 77123
Malunggay 2500 2.40° 230% 223 5432 478 453%® 458" 840% 8.03% 7.00%°c 7.12%c
Mango 2428 2458 228% 220® 5378 535 512% 480% 852° 845° 8.00® 7.53®
Panyawan 2200 227% 212 1.13% 490° 4922 437% 233¢ 7.75% 7.63* 6.98%°c 3.83¢
Rice Hull 2500 2.50° 2.33% 220® 5522 5432 502% 462%° 848% 847° 7.83% 747®
Tigbao 2.60° 259 263 260* 553° 557° 550° 5532 8.50° 8.50° 8.50°  8.50°
SDH20

> *% *% *%

w *% *% *%

>*W *% *% *%
CV% 12.89 % 10.34% 8.78%

** Means followed by the same letter are not significantly different at 5% level Tukey's HSD.
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Wood Vinegar Phytotoxicity Test

Wood vinegar phytotoxicity test results is shown in Table 3. Toxicity of the
wood vinegar to tomato was manifested by a much reduced lower stem diameter
which caused damping off of the plants and ultimate wilting (Figure 2). It also
caused burning of the leaves when hit by the wood vinegar.

Wood vinegar from ipil-ipil, provided the best growth inhibition to S. rolfsii in
vitro was also the most toxic to tomato seedlings (Table 3). At 0.5% it already has a
toxicity rating of 3 at 24h and rating of 5 at 72h. There were wood vinegars however
that inhibited the fungus at 2% in the in vitro trial but were are not phytotoxic (toxicity
rating=1.0) at 2% at 72h) such as banaba, lumboy and madre de cacao. Lumboy,
particularly was already inhibitory at 1% but and not phytotoxic even at a higher
concentration (2%). Bamboo, cacao and tigbao were not phytotoxic at 2% after
72h.

Figure 2. Symptom of wood vinegar
phytotoxicity, ie, narrowing of the base of
tomato seedlings
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Table 3. Two way table on the toxicity ratings+ of different sources of wood vinegar as affected by their different concentration in to tomato
seedlings++

(Treatments) 24 Hours 48 hours 72 hours

Wood vinegar /

Concentration 0.20%  0.50% 2% 20% 0.20% 0.50% 2% 20% 0.20%  0.50% 2% 20%
Bamboo 1.08 1.0 1.7% 1.72 1.08 1.0 1.0d 4.,02b 1.08 1.0 2.3 5.08
Banaba 1.08 1.00 1.0° 3.02 1.08 1.00 1.0¢ 3.0be 1.08 1.00 1.00 5.02
Cacao 1.08 1.0 1.7% 1.7 1.08 1.0 1.7 2.7¢ 1.00 1.0 2.3 3.78
Ipil-ipil 1.08 3.02 1.7% 3.0° 2.02 4,08 2.7b¢ 5.08 2.32 5.08 5.0° 5.08
Lomboy 1.08 1.00 1.00 2.32b 1.08 1.00 1.0 5.08 1.08 1.00 1.00 5.08
Madre De Cacao  1.0° 1.0 1.0 3.0 1.02 1.0 1.0d 5.0 1.0 1.0 1.0 5.02
Mango 1.08 1.0 1.70® 300 1.08 1.0 3.3 5.08 1.08 1.0 5.0° 5.08
Rice hull 1.08 1.3 3.0° 3.02 1.08 1.7 5.02 5.0° 1.00 1.7 5.0° 5.02
Tigbao 1.08 1.0 1.0 2.3@ 1.32 1.0 1.0d 4.02b 2.32 1.0 1.0 5.02
Control 1.08 1.0 1.0 1.0 1.08 1.0 1.0d 1.0d 1.08 1.0 1.0 1.0
> *% *% *%

m *% *% *%

>*w *% *% *%

CV% 34.39% 21.47% 32.05 CV% 34.39%

**Means followed by the same letter are not significantly different at 5% level Tukey's HSD.
*Toxicity rating Scale: 1-healthy plant, 2- slightly wilted, 3- moderately wilted, 4- highly wilted, 5-extreme wilting or plantis dead.
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Efficacy of Wood Vinegars Against Tomato Sclerotium Wilt

Four different concentrations of wood vinegar were evaluated against S. rolfsii
ininoculated tomato seedlings. After the first day of treatment, four wood vinegars
produced smaller disease severity ratings, namely: bamboo, madre de cacao,
malunggay and panyawan (Table 4). The effectiveness of bamboo, ipil-ipil and rice
hull lasted only three days, lumboy for four days and madre de cacao lasted five
days. Malunggay and panyawan remained effective for nine days. On the second
day, ipil-ipil, lumboy and rice hull had also reduced the disease severity ratings.
Mango produced smaller disease severity ratings during the 3“ and 4" days. Among
the wood vinegars, malunggay and panyawan are considered the most effective
wood vinegarin controlling sclerotium wilt because they remained effective for nine
days.

When the disease severity was plotted against time, (Figure 3) all wood vinegars
showed slower increase of disease over time with malunggay, panyawan and
lumboy producing the slowest disease progression over time.

wn

e Conitrol

== Bamboo
4.5

Banaba

= (3C20
et | pil -l

Lumboy
== adre de Cacao
= Malunggay
— \lango

e D311y W AN

DISEASE SEVERITY RATING
[45]

== Rice Hull

=== Tighao

-
Ln

1 2 3 4 5 ] 7 B 9

Figure 3. Disease severity rating in tomato inoculated with S. rolfsii as affected by wood vinegar
against treatment
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Table 4. Effect of different wood vinegars and concentration on S. rolfsii severity in tomato seedlings

Severity Ratings *

Treatments

15t Day 2" Day 3 Day 4" Day 5% Day 6™ Day 7t Day 8t Day 9™ Day
Factor A - Wood
Vinegar
Control 1.3%® 3.32 5.0° 5.0° 5.0° 5.0° 5.02 5.02 5.0°
Bamboo 1.2° 1.8bed 2.6bcd 3.38bc 3.8 3.8 4.0 4,0 4.0%
Banaba 2.1° 2.88be 3.6%c 3.83bc 3.7 3.7 3.7%® 3.7%® 3.7
Cacao 1.6% 2.38bcd 3.00cd 3.6%¢ 3.8 3.9% 4.0 4,02 4.0%
Ipil-ipil 1.3% 2.0bcd 2.9bcd 3.83bc 4.1 4.2% 4.4% 4.6% 4.7%
Lumboy 1.3% 1.7Pbcd 2.2¢d 2.7b¢ 3.0% 3.3 3.3%® 3.3%® 3.3
Madre de Cacao 1.0° 1.3¢ 1.8¢ 2.3¢ 2.7° 2.9 3.0%® 3.0%® 3.0%
Malunggay 1.1 1.3¢ 1.8¢ 2.3¢ 2.6 2.6 2.7° 2.7° 2.7°
Mango 1.4% 2.23bcd 3.0bd 3.83bc 4.2% 4.3% 4.3 4.3 4.3
Panyawan 1.2° 1.5¢ 2.0¢ 2.3¢ 2.5 2.6 2.7° 2.7° 2.7°
Rice Hull 1.4% 1.9Ped 2.7bcd 3.380c 3.7 3.8 3.8%® 3.7%® 3.7
Tighao 2.1° 2.9% 3.8 4.3% 4.6% 4.7% 4.7 4.7% 4.7%
Factor B -
Concentration
0.20 1.33 1.97 2.84 2.88 3.14 3.2b 3.1° 3.1° 3.1b
0.50 1.5 222 3.16 3.56 3.72 3.8% 3.9% 3.9% 3.9%
1.00% 1.42 2.08 3.06 3.64 411 4.32 4.42 4.42 4.42
2.00% 1.36 2.03 2.78 3.34 3.56 3.7 3.8 3.8%® 3.8
A (Concentration) ns ns ns ns ns * ok b ok
m A<<OOQ <m3m©m—.v *% *% *% *% *% *% *% *% *%
A*B ns ns ns ns ns ns ns ns ns
CV% 44.92%  44.68% 39.30% 39.63% 42.29% 43.62% 42.99% 42.96% 42.83%
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When the disease severity ratings were compared between the four
concentrations used, all concentrations produced slower progress in disease
severity rating over time compared to untreated plants. The lowest concentration,
ie, 0.2 % showed no inhibitory effect to S. rolfsiiin vitro but when treated on plants, it
produced the lowest disease severity rating (Table 4) and the slowest increase in
disease progression over time (Figure 4). Which may be because it was also the
least phytotoxic. The higher disease severity rating of the plants at the higher wood
vinegar concentrations is probably due to the combined wilting effect of S. rolfsii
infection and phytoxicity to tomato. It is therefore possible that aside from the
direct antifungal effect of wood vinegar to S. rolfsii at higher concentrations, it can
possibly induce the plant defenses against the pathogen at lower concentrations.
This observation,however needs further research.

Wood vinegar is a by-product of charcoal making. Lou et al (2016) found that
water-soluble organic compounds from pyrolysis residue containing low-molecular
weight acids, macro and micro nutrients had been shown to be beneficial for plant
growth. Plants treated with wood vinegar are claimed to be stronger, leaves greener
and resistant to pests and diseases (FFTC accessed January 31 2018).

Itis interesting to note that wood vinegars from malunggay and panyawan were
the most effective in reducing sclerotium wilt severity in inoculated plants but these
wood vinegars were not the most effective in inhibiting the fungus in vitro. The
phytotoxicity data of these wood vinegars were not determined, however the low
wilting severity rating in the in vivo test, suggests they are probably unlikely
phytotoxic. Lumboy was one of the most effective in reducing the colony diameter
of the fungus in vitro and was also one of the most effective in reducing the disease
invivo and was less phytotoxic thanthe other wood vinegars.
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Figure 4. Disease severity rating in tomato inoculated with S. rolfsii as affected by
concentration of wood vinegar
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CONCLUSION AND IMPLICATION

Eleven out of 17 wood vinegars evaluated showed direct inhibition to S. rolfsii in
vitro. The eleven wood vinegars include wood vinegars from bamboo, banaba,
cacao, caimito, ipil-ipil, lumboy, madre de cacao, malunggay, mango, panyawan and
rice hull. These wood vinegars varied in their effectiveness in inhibiting the colony
growth of S. rolfsii in vitro, with wood vinegar from ipil-ipil as the most inhibitory to
the fungus followed by wood vinegar from lumboy. Wood vinegar from ipil-ipil
however is the most phytotoxic to tomato. The wood vinegar from lumboy, however
is promising since it is one of the most effective wood vinegars in reducing
sclerotium wilt severity in inoculated seedlings and is one of the least phytotoxic.
The wood vinegars from malunggay and panyawan, although they were not the
most effective in reducing S. rolfsii colony growth in vitro were the most effective in
reducing the progress in disease severity in inoculated tomato plants and retained
their effectiveness for a longer time. Lower concentrations of the wood vinegars as
a whole (0.2%) was the most effective in reducing the sclerotium wilt severity over
time, even though this concentration showed no direct inhibition to the fungus in
vitro. This finding implies that wood vinegar may possess another mode of actionin
controlling the disease aside from the direct antifungal activity, and this could be as
an inducer of resistance in plants against Sclerotium wilt. This however needs
furtherresearch.
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