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Abstract: The effect of different
concentrations of salicylic acid (SA) or
oxalic acid (OA) on linear growth of
Fusarium oxysporum f. sp. lycopersici,
the causal agent of tomato wilt was
studied in wirs. SA  concentrations
ranging from 750 to 2000 ppm have
significantly reduced mycelial growth of
the pathogen. While, OA significantly
inhibited the linear growth at
concentrations ranged from 500 to 2000
ppm. The percentage of inhibition
varied between the three tested isolates
of F. oxvsporum f. sp. lycapersici | the
highest inhibition was occurred in FOL
isolate 4.

In two successive growing seasons
(Summer 2006 and Winter 2006/2007),
seedling treamments with SA or QA at
concentrations 500 and 2000 ppm were
carried out and disease severity as

vascutar browning and foliar yellowing
revealed that SA at concentrations 500
ppm significantly  reduced disease
severity in both seasons but 2000 ppm
of SA reduced vascular browning with
nonsignificantly effect, Seedling
treatment with QA at concentrations
500 and 2000 ppm significantly reduced
the foliar vyellowing and vascular
browning percent in tomato plants in
both tesied seasons. The fungal isolates
were differed in their virulent FOL
isolate 2 was the most virulent one
followed by FOL isolate 3, while FOL
isolate 4 was the lowest virulent one.

Tomato seediing treated with SA or
OA  exhibited higher activity of
polyphenol  oxidase and  higher
reduction of pectin methyl esterase after
20 days from transplanting compared
with untreated piants.
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Introduction:

Tomato Lycopersicon esculentum
is an important vegetable crop world
wide. Tomato cultivation 1s affected
by vascular wilting diseases which
have become one of the serious
discases. Fusarium wilt caused by
Fusarium  oxysporum . sp.
lveopersici is the most destructive

causal agent on tomato, in Egypt
(El-Zawahry, Aida, 1984).

Several discase management
strategies are available as resistant
cultivars, biological control, crop
rotation and chemical fungicides.
Among the chemical fungicides,
many compounds are available, but
nearly all are based on direct
antibiotic principle.
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A second potential principle for
chemically mediated disease control
could be based on compounds that
would induce the resistance as an
alternative to fungicide application.
The natural protection of plants
against pathogens is partially based
on a variety of constitutive barriers
already present in the plant before
the actual attack. Certain natura! and
synthetic chemical compounds such
as salicylic acid {SA) and oxalic
acid (OA) can trigger plant
responses against pathogens. They
may be also fungal inhibitors.
Salicylic acid inhibited in wvitro
growth of Fusarium oxysporum, the
causal agent of onion rot (El-
(Ganaieny ez, al.2002).

Exogenous application of SA as

seedling treatment reduced
significantly  Fusarium  wilt  of
tomato  caused by  Fusarium
oxysporum £, sp. lyvcopersici

(Attitalla ez ol 1998). Also seed
treatment with SA enhanced the
resistance of seasam plants against
root rot and wilt disease (Abdou e,
al., 2001).

Some enzymes play an important
role in plant defense against many
diseases  either  directly by
degradation of cell wall or indirectly
by releasing oligosaccharide which
could induce additional plamt
defense (Rose et. al., 2002).

The activity of many polyphenol
oxidase are generally higher in the
infected tissue of resistance varieties
than in infected susceptible ones or
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in healthy plants based on its ability
to oxidase phenolic compounds to
quinons which are often more toxic
to  microcorganisms than  their
origina! phenols (Hammerschmidt
1999).

The aims of this research were to
determine the effect of two syathetic
compounds (salicylic acid and
oxalic acid) as an alternative to
fungicides for controlling Fusarium
wilt of tomato and 1o determine the
activities of polyphenol oxidasc and
pectin methyl esterase enzymes in
the treated tomato plants,

Materiais and Methods:
Source of fungi:

Three isolates of F. oxysporum
fisp. dheopersici (FOL 2, 3 and 4)
were used throughout tus study.
Their pathogencity were previously
tested by (Eraky, Amal ef. al. 2006).

Effect of salicylic acid and oxalic
acid on Fusarium oxysporum f.sp.
lycopersici (FOL) linear growth in
vitro:

The direct effect of salicylic acid
and oxalic acid on the growth of the
fungal isolates was studied in vitre
as described by El-Ganaieny, ef al.
(2002). Each chemical substance
(SA or OA) was dissolved in 5mli
ethano! (90%) and adjusted to pH 7
with  IN NaOH. The tested
substance was incorporated nto
sterilized Potato Dextrose Agar
(PDA) at concentrations 0, 500, 730,
1000, 1500 and 2000 ppm. PDA
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with 5ml ethanoi was uvsed as
control. A 6-mm- diameter plug
from the zdvancing margins of each
fungal isolate was seeded centrally
onto 5 plates of each substance
concentration and incubated at 27
°C. Results were recorded as a
grewth reduction when mycelia
growth of the control (0 ppm) plates
reached to the edge cf the plate
using the following formula:

%Reduction of growth =

Growth in control-Growth in treatment
x100

Growth in control
The experiment was conducted
twice.

Effect of salicylic acid and oxalic
acid on incidence of tomato
Fusarium wilt under greenhouse
conditions:

Tomato cv. Prichard (highly
susceptible to Fusarium wilt) was
used. Tomato seeds were surface
sterilized  with 2%  sodium
hypochlorite solution for 2 min.,
renised in sterile distilled water, then
air dried and sowed in tray
contained sterilized peat : sand : clay
1:1:1 for 45 days. Nursery was
irrigatcd when needed.

Inoculum for three FOL isolates
were (FOL2, FOL3 and FOL4)
prepared on barley grain medium
was inoculated by each isolate, and
incabated at 25°C for 2 weeks, The
inoculum was added to sterilized
clay- sand socil (2:1) at rate of 3%,
thoroughly mixed and potted in

sterilized pots (25 cm in diameter)
for one week.

Tomato transplaats (45 days old)
were dug off seedling trays and the
root thoroughly washed by running
water to rtemove any adherent
particles. Tomato transplants were
treated by dipping the root into
salicylic acid or oxalic acid solutions
at two concentrations 500 and 2000
ppm for 30 min. The treated tomato

plants were ftransferred to the
pathogen infested pots. Four
replicates were used for each

treatment and untreated transplants
were transferred to pots with
unincculated Barely grain medium
used as control. Plants were irrigated
and fertilized when as usual. Disease
severity was estimated after 30 days
from transplanting, as a foliar
yellowing percent and vascular
browning percent using the rating
scale in which infected plants were
classified according to a numerical
grades ranging from 0 to 4 as
follows:

{ = healthy.

1 = > 25 of plant leaflets are yellow
and of vascular root bundles are
dark brown.

2 = < 25 — 50 of plant leaflets are
yellow and of vascular root bundles
are dark brown.

3 = < 50 — 75 of plant leaflets are
yellow and of vascular root bundles
are dark brown.
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4 = <75-100 of plant leaflets are
vellow and of vascular root bundies
are dark brown.

For calculating the foliar yellowing
and vascular browning indices of
each plant, the following formulae
were used: [(sum of yeilowing
values /4 ¥ numbar of leaflets)
x100%] and [(sum of wvascylar
browning values /4 x number of
internodes) x 100%] (Fakhouri and
Buchenaur, 2003), The experime,it
was carried out twice during
summer 2006 and winter 2006/2007
growing scasons.

Effect of salicylic acid and oxalic
acid on enzyme activity in tomato
plants:

Tomato transplants {43days old)
were treated with SA or OA at
concentratiens 0, 300 and 2009 ppm,
and transferred ic intested soil (as
mentioned above). The samples for
enzyme  extraction from  all
treatments were separately harvested
20 days after transplanting date.
Plant extracts were prepared by
collecting 3 gm fresh samples
sectioned from the base of the stems,
and cut into 3 mm slices, these slices
were homogenized m 25 m} of pH
7.0 phosphate buffer then filtered
through cheesecloth and centrifuged
to remove debris, and the
supernatant considered the plant
extract.

a- Polyphencl oxidase (PPO):

Polyphenol oxidase activity was
determined using the method

described by El-Zawahry,
Aida(1984). Two ml of plant extract
for each treatmeirt were added to test
tube containing 2 mi of 0.1% DOPA
(3.4-dihydroxy- phenoialanin)
solution. The reaction mixture was
incubated at 30-C in water bath for
14 hr,, then csatrifuged for 14 min.
at 3000 rpm, and then measured
spectrophotometrically at 400 nm.
The test tube contained two ml of
DOPA solution + 2ml of phosphate
buffer was used as blank. Percentage
of increment in enzyme activity was
calculated by using the following
formula:

% Increment of enzyme activity=
ET -EU
x 100

EU
ET= enzyme activity in treated
plants

EU= enzyme activity in untreated
plants

b ~ Pectin methyl sterase (PME):

Pectin  methyl esterase was
determined  using the method
described by Abo- Elvousr(1998).
The reaction mixture was as follows:
3 mi of plant extract and 20 ml of
pure pectin (pkH 7). The mixture was
incubated at 30-C for 6 hr., and then
the pitl value was estimated by using
pH meter. Control reaction
containing 20 m! of 1% pure pectin
and 3ml of boild plant extract, and
also the pH value was estimated
according to the following equation:
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nerease in PME =

pH in control samples — pH in treated samples
% 100

pH in control samples
Statistical analysis

All data were subjected to
statistical analysis and means were
compared using L.S.D}. test {Gomez
and Gomez, 1984).

Resnlis

Effect of salicylic acid and oxalic
acid on mycelial linear growth of
Fusarivm  oxysporum f.  sp.
lycapersici, in vitro:

Data presented in Table 1 and 2
show that the linear growth of the
three FOL isolates were inhibited
significantly in case of SA at
concentrations ranging from 750 to

Table{(): Inhibition percent of FOL

2000 ppm, while SA at 500ppm
showed no effect on myceliai
growth. All tested concentrations of
OA significantly inhibited the linear
growth of FOL where the highest
concentration (2000 ppm) was the
most  effective,.  The  highest
inhibition percent in the mycelial
growth was observed with FOL
isolate 4  when treated by
concentration 2000 ppm followed by
1500 and then [000 ppm with both
tested acids.

The percentage of inhibition
varied also between the three tested
isolates, the highest inhibition
occurred in FOL isolate 4 for SA
and OA. There is no significant
different between FOL isolates 2
and 3 in both tested acids.

myceliai growth, grown on PDA

medium amended with different concentrations of salicylic acid

101

-‘ SA | F oxvsporum f.5p. Iycopersici isolates Mean

concentration IF\FOL 5 O3 J oL A !

0 ppm 000 | 000 | 0.0 0.00
500 ppm 0.00 0.00 1.12 0.38
750 ppm 3.30 225 437 3.30
1000 ppm 10.90 7.75 12,55 10.10
1500 ppm 19.98 23.30 3195 25.08
2000 ppm 39.97 33.35 42.75 38.66
LSD 005 '

Isolates 1.62
Concentrations .38
Interaction 326
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Table(2): Inhibition peicent of FOL. mycelial growth, grown on PDA
medium amended with different concentrations of oxalic acid

[ OA | & oxpsporum £5p. fycopersici isolates | Mean
| _concentration FoL2 | FOL3 T FOL4
|0 ppm 0.60 0.00 | 0.00 0.00
| 500 ppm 357 1 s47 | 8%0 | 508
: 750 ppm 13.30 ‘ 390 | 31.00 : i7.73
| 1000 ppm 2405 | 4940 | 3300 | 2548
1500 ppm 36.33 J 3883 . 4860 | 4125
2000 ppm | 4633 4863 | 6142 | 5213
LSD 085
Isolates 1.12
Concentrations 1.93
Interaction 339

Effect of SA treatment on disease
severity of tomate Fusarium wilt:

Data present in Tables 3 and 4
show that seedling treatment with
SA ar concentrations S0¢ and 2000
ppm for two consecutive seasons
significantly reduced toliar
yellowing perceni of tomato plants
in both seasons. Vascular browning
was signficantly rveduced in the
plants treated with SA

concentrations at 500 and 2000 ppm
in summer season 2006, but in
winter season 2006/2007, SA
treatment at concentration 2000 ppm
showed nonsignificantly effect. The
results in both seasons exhibited that

SA seedling treatment at
concentration 500 ppm was more
effective  than 2000 ppm for

controlling the disease.

Table(3): Effect of seedling treatinent with salicylic acid on the severity of
Fusarigin wilt in {omato daring suminer season 2006

[ Sa Vascular browning % Foliar Yellowing% |
- concentration FOL isolates FOL isolates |
| IRE 4 |Mean] 2 1 3 4 | Mean
0 ppm 7186 15313 | 1875 47.92 1 8438 1 62.50 [ 34.38 | 60.42
| 500 ppm 43.75 | 3438 | 9.37 | 29.17 { 50.00 | 40.63 | 18.75 | 36.46 |
| 2006 ppm 53.13 1 37.50 1 15.65 | 35.42 | 56.25 { 50.00 | 21.88 | 42.71 ;
LSD 005

Isolates 8.85 6.83

Treatment 3.43 8.69

Interaction 14.62 i5.03
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Table(4): Effect of seedling treatment with salicyiic acid on the severity of
Fusarium wilt in tomato during winter season 2006/2007

SA Vascular browning % Foliar Yellowing %
concentration FOL isolates FOL isolates
- 2 3 4 Mean 2 3 4 Mean
0 ppm 50.00 | 50.00 } 25.00 | 41.67 | 75.00 | 59.38 | 40.63 | 58.33
500 ppm 46.88 | 37.50 | 15.63 | 33.33 | 53.13 | 40.63 | 25.00 | 39.58
2000 ppm 50.00 1 46.88 | 18.75 1 38.54 | 62.50 | 37.50 | 34.38 | 44.79
LS.y 005
Isolates 10.62 6.55
Treatment 7.63 9.71
Interaction 13.25 16.8
Effect of seedling treatment with disease severity reduction was
OA on disease severity of observed with concentration 2000

Fuasarium wilt of tomato:

Results present in Tables 5 and 6
show that seedling treatment with
OA at concentrations 530 and 2000
ppm  significantly reduced foliar
yellowing and vascular browning
percent in tomato plants at the both
experimental seasons. The highest

ppmt and then with 500 ppm,

respectively.

Data also show that the fungal
isolates were differed in their
virulent, the FOL isolate 2 was the
most virulent followed by FOL
1solate 3 while FOL isolate 4 was
the least virulent.

Table(5): Effect of seedling treatment with oxalic acid on the severity of
Fusarium wilt in tomato during summer season 2006:

QA Vascular browning % Foliar Yellowing %

concentration FOL isolates FOL isolates

2 3 14 |Mean| 2 3 4 | Mean
¢ ppm 7188 1 5331 18.75|47.92 | 8438 | 62.50 | 3434 | 60.42
500 ppm 50.00 43751 12.52 13542 1 68.75 1 53.31 1 28.13 1 50.00
| 2000 ppm 46.88 | 37.50 1 9375 | 31.25 1 5938 | 40.63 | 21.88 | 40.63
LS.D 0.05
Isolates 7.27 G.84
Treatment g.71 9.93
Interaction 16.84 17.32
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Table(6): Effect of seadling treatment with oxalic acid on the szverity of
Fusarium wilt in tomato during winter season 2006/2007

OA Vascular browning % Foliar Yellowing % -i

concentration FOL isolates FOL isolates

2 3 4 [Mean| 2 3 | 4 |Mean
0 ppm 62.50 1 50.00 } 25.00 ; 45.83 § 75.00 59.38740.63 58.33
500 ppm 53.13 1 43.75 | 21.88 | 39.58 | 65.63 | 46.38 ‘ 34.38 | 48.96
2000 ppm 46.88 | 34.38 | 18.75 ; 33.33 § 53.13 | 43.75 | 28.153 | 41.67
LSD 0.05
isoiates 6.35 12.05
Treatment 6.05 7.2Q
Interaction 10.54 12.62

Effect of seedling ireaiment with
SA and OA on the cnzymes
activity in tomato plants

a - Assay of polyphenol oxidase
(PPO) activity:

Dsata in Table 7 indicate that all
plants treated with SA or OA and
inoculated with FOL  isolates
exhibited higher increment percent
of PPO activity compared with

untreated plants. PPO  increment
percent was increased by increasing
concentrations of SA, but plants
treated with concentration 500 ppm
showed nonsignificant effect
compared with planis treated with
2000 ppm. Results also indicate that
PPCG  increment percent was
increased by increasing
concentrations of OA.

Table(7): Effect of seedling treatment with salicylic acid or oxalic acid on
the Polyphenol oxidase activity in infected tomato plants, 20 days

after transplanting:

Concentration SA QA

FOLZ | FOL3 | FOL4 | Mean | FOL2 | FOL3 | FOL.4 | Mean
500 ppm 21.67% 114,12 | 16.51 } 1743 | 6.78 4.86 2.47 4.69
2000 ppm 20,15 | 1488 | 1868 | 17.90 | 6.91 348 | 7.84 6.07
Oppm {control} 0.00 1 000 0.00 ; 0.00 ] 0.00 0.00 | 0.00 0.00

* Percent increase in enzyme activity compared with control.

L.S.D0.05

[solates 0.85
Treatment 1.04
Interaction 1.80

0.87

[.31

1.52
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Figure(1):Effect of seediing treatment with salicylic acid {(SA) on pectin
methyle esterase {PME) activity in infected tomato plants, 20
days after transplanting

WEOL2 BFOL3 OFOL4,

PME activity percent

0 500 2000

OA concentratior

Figure(2):Effect of seedling treatment with oxalic acid (OA) on pectin
methyle esterase (PME) activity in infected tomato plants, 20
days after transplanting
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b ~Assay of pectin methy! esterase
{PME):

Data reported in Figures | anc 2
indicate that SA and OA decreased
percentage of pectin  methyle
esterase activity in treated tomato
plants compared with untreated
plants (0 ppm). Data also show that
PME activity was decreased by
increasing applied chemical
concentrations. For all tested
isolates, PME were produced in
plant tissues, the PME
concentrations were ranged from
10.1 % in 2000 ppm in SA treated
plants to 22.8 % in untreated plants
(0 ppm) and ranged from 11.7 % in
OA treated plants to 229 % in
untreated plants (0 ppm).

Discussion

Using chemicals to induce
resistance against plant pathogens
have been reported previously
(Yalpani ef al., 1991, Abo-El yousr
el of, 2005 and Asran 2003).
Results reported herein indicated
that SA and OA significantly
inhibited the linear growth of
Fusarium  oxysporum  f.  sp.
lvcopersici. Also, increase of the
concentrations had  significantly
inhibitory effect on the fungal
growth. These results are in
agreement with Mahmoud (2005)
who found that application of
salicylic acid and ascorbic acid in

vitro significantly inhibited the
mycelial growth of Fusarium
oxysporum.

Seedling treatment with SA at
500 and 2009 ppm significantly
reduced the foliar yellowing percent
on tomaic plants but SA seedling
treatment with concentration
S00ppm was more effective than
2000 ppm.Other reports mentioned
that the high concentrations of SA
may have toxic effect on the plant
{(Van Loon, 1997).

On the other hand OA treatment
significantly reduced the disease
symptoms and the highest disease
severity reduction was observed
with  concentration 2000 ppm
followed by 500 ppm. The mode of
action of SA or QA on suppression
of discase incidence might be due to
their direct effect against the
pathogen or its roie in induction of
resistance. SA- mediated resistance
is resiricted in only treated tissue
that may due to encourgment the
creation of f —glucosidase which
have a lack of ability to phloem
mobility (Enyedi and Raskin, 1993
and Kessmann ef al. 1994). Many
researchers suggested that SA and
OA could induce systemic resistance
in plants, inhibit catalase enzyme,
enhance the PR gene expression in
plants and synthesis of expressior. of
chitinases which could hydrolyze
the wall of many fungt (Dempsy and
Klessiz, 1994, Narusaka et of., 1999
and Davis ¢r al., 2002) or induction
the hypersensitivity response (HR)
and expression of some defense
genes including genes encoding fo
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pathogenesis-related PR proteins
(Crogje and Bornman, 1999).

As markers of resistance,
biochemical changes always appear
at certain intervals after application
of the inducers agents (Rayvis ef al.,
1996). This study investigates the
effect of SA and OA on polyphenol
oxidase (PPQO) and pectin methyl
estrase {(PME) in tomatc plants
inoculated by Fusarium oxysporum
f. sp. lycopersici.

Data reported herein indicate that
SA significantly increased increment
percent of PPO activity and
significantiy decreases PME activity
in treated tomato plants compared
with  untreated  plants.  The
importance of PPO activities in
disease resistance probably comes
from its property to oxidize phenolic
compounds to quinines, which are
often more toxic to microorganisms
than the riginal pheno}
{Hammerschimidt, 1999, The
activity of PPO. was generally higher
in infected tissue of resistant
varieties than in infected suscepiible
ones {Abo — Elyousr, 1998). Ferrar
and Walker (1993) reported that
oxalic acid has inhibitory effect
toward activity of diphenol oxidase.
Also, an increase in peroxidase and
polyphencl oxidase was detected as
a results of infection with many
pathogens (Clark er o/, 2002) oras a
result of treatments with different
antioxidants (Takahama and oniki,
1994)
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