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ABSTRACT

Two field experiments were carried out during the two summer growing seasons of 2008 and 2009, at the
Experimental Farm of Plant Pathology Dept., Fac. of Agricuiture, Mansoura University, Egypt, 1o investigate the effect of
foliar application of chitosan, humic acid, seaweed extract and thiamine on inducing resistance against Alternaria solani

to reduce its incidence in tomato plant.

Results indicated that the foliar application of biostimulants decreased hydrogen peroxide accumulation and

suppressed the increase in electrolyte leakage percentage.

Early blight disease tolerance in tomato plants was significantly enhanced by increasing catalase and peroxidase
activities as well increased phenols, proline and total soluble sugars contents as a direct result to biostimulants foliar

application.

Thiamine at 100 mg/! and seaweed extract at 1000 mg/l were the most effective in this concern. These resuits
confirm our primary laboratory findings which indicated incorporating different biostimulants to PDA caused significant
reduction in mycelial growth of Alternaria solani fungus in comparison with the check treatment.

It could be recommended that foliar application of biostimulants especially thiamine and seaweed extract of tomato
plants will induce resistance to early blight and could be used widely because these agents are cheap, available, easy to

use and environmental friendly.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill) is one
of the world’s most and popular important vegetable
crops, comprising Egypt, not only because of its
economic importance, but also for the nutritional
value of its fruits, mainly due to the fact that they
are an excellent sources of natural colors and
antioxidants compounds (carotene, lycopene,
ascorbic and phenolic compounds). The intake of
these compounds in food is an important health
protecting factor. They have been recognized as
being beneficial for prevention of widespread
human diseases including cancer and cardiovascular
diseases, when taken in adequate amounts (Fraser
and Bramley, 2004). Early blight caused by
Alternaria solani (Ellis, and Martin) Jones and
Grout, is one of the most threatening fungal diseases
{(Abada er al., 2008b), which causes great reduction
in the quantity and quality of fruit during the season.
In addition, the disease is favoured by warm
temperature and extended periods of leaf wetness
from dew, rainfall and crowded plantation, The
plants are more susceptible to infection by the
disease during fruiting period (Cerkauskas, 2005
and Momel! and Pemezny, 2006). It is well known
that tomato fruits are mostly consumed freshly,
thereby spraying fungicides just before harvesting
resulted in high fungicide residue in the fruits,
which causes great hazard to human health.

Therefore, this work was mainly planhed to
evaluate the efficiency of the alternation of spraying
some fungicides and antioxidants on reducing the
natural infection of tomato early blight.

Plant responds to pathogen attack by activating
a wide variety of protective mechanisms designed to
prevent pathogen replication and spreading
(Malolepsza and Rozalska, 2005). The defense
mechanisms including the fast production of
reactive oxygen species (ROS) (Asada, 2006) and
accumulation  of  antimicrobial  secondary
metabolites known as phytoalexins (Agrios, 2005).
The generation of ROS such as superoxide anion
and hydrogen peroxide are a common event
associated with normal plant biochemical processes
{(Zhou er al, 2004), and also causes oxidative
damage through action such as lipid peroxidation
with membrane destruction, protein inactivation and
DNA damage (Gao et al., 2008). H,O, generation
have direct antimicrobial activity inhibiting
germination of spores of many pathogens and
participation in the formation of phenoxyl-radicals
during phenol-polymerization within the plant cell
wall (Lamb and Dixon, 1997). Estimation of
malondialdehyde (MDA) amount, which iz a
secondary end product of polyunsaturated fatty acid
oxidation, is widely used to measure the extent of
lipid peroxidation as indicator of oxidative stress
and membrane damage (Lin and Kao, 2000). It was
reported that accumulation of MDA and H,0, was
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caused by abiotic stress factors such as salinity and
drought (Radic” et al., 2006; Farouk; 2009), heavy
metals (Farouk, 2011) and some biotic stress factors
such as virus infection (El-Moshaty et al., 1993).
(Moreover, Radwan er al., 2006) reported the
formation of elevated amounts of MDA and H,0; in
Cucurbita pepo leaves indicating lipid peroxidation
and oxidative stress in response to ZYMYV infection.
On the other hand, development of an antioxidants
defense system in plants protects them against
oxidative stress damage by either the partial
suppression of ROS production, or the scavenging
of ROS which has already been reduced (Cavalcanti
et al., 2007). Thus various antioxidants enzymes
such as peroxidase (POD), superoxide dismutase
(SOD) and catalase (CAT) participate in ROS
metabolism during the pathogen attack. POD may
be some of the elements of the defense systems that
are stimulated in plants in response to pathogen

infection (Morkunas and Gmerek, 2007).
Peroxidases and catalases counteracted the
increased production of hydrogen peroxide

(Hameed et al., 2008) and were central in plant
antioxidant defense response (Hameed et al., 2009).
Such associations in disease resistance and
biochemical parameters have been suggested to be
used as reliable selection tools to identify potential
breeding material and to plan effective breeding
strategies (Tyagi ef al., 2008).

Recent efforts have focused on utilizeing a
scheme of inducible plant defenses in order to
provide protection against A. solani in tomato. Pre-
treatment of plants with biotic or abiotic inducers
can enhance resistance to subsequent attack not only
at the site of treatiment, but also in tissues distant
from the initial infection sites. Typically, this
inducible resistance system known as systemic
acquired resistance (SAR) is effective against
diverse pathogens ( Ryals er al, 1996 and
Abdalhadi, 2011). Several natural chemical agents
have been described as activators of disease- related
processes when applied to plants (Abdulgader, 2011
and El-Samra ef al., 2011). Responses mediated by
thiamine (THI), seaweed extract (SE), humic acid
(HA) and chitosan (CHI) suggested that these plant
derived substances have important physiological
roles and great potential as elicitors and mediators
of resistance signal transduction. They induce
unique type of resistance when typically applied and
they affect a variety of processes in plants including
defense against pathogens Jayaraj e al., (2008) and
El-Mohamedy and Ahmed (2009).

Among the most promising bioactive
oligosaccharides is chitosan (CHIL), which have
attracted tremendous attention because of their
unique biological properties, including
biocompatibility, non toxicity and biodegradability,
their inhibitory effect on the growth of various
pathogenic fungi (Prapagdee e al., 2007 and Farouk
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et al., 2008) and their ability to be potent elicitors of
plant defense reactions (Sharathchandra et al.,
2004). Recently, the antioxidant activity of chitosan
has also attracted attention (Park er al., 2004).
Chitosan can scavenge OH and O, - radicals and has
been shown to have DNA-protective properties
(Harish Prashanth et al, 2007). In addition,
treatment of Hydrilla verticillata with chitosan has
been shown to increase the activity of superoxide
dismutase (SOD) and to decrease malonaldehyde
(MDA) concentrations (Xu et al, 2007). The
scavenging mechanism of chitosan may be related
its structure, which features large numbers of
hydroxyl and amino groups available to react with
ROS (Sun er al., 2004). CHT treatment induced a
significant increase in the activities of polyphenol
oxidase (PPO) and peroxidase (POD), and enhanced
the content of phenolic compounds in tomato fruits,
thus providing protection against both gray and blue
mould diseases (Liu et al., 2007). Field application
of chitosan for inducing resistance against late and
early blight diseases of potato and root rot disease of
bean and lupin plants was reported by Abd El-
Kareem et al., (2002 and 2004a).

HA is a suspension which can be applied
successfully in many areas of plant production as a
plant growth stimulant or soil conditioner for
enhancing natural resistance against diseases and
pests (Scheuerell and Mahaffee, 2004 and 2006),
stimulation plant growth through increased cell
division as well as optimized uptake of nutrients and
water (Chen et al., 2004). In this respect, El-Ghamry
et al., (2009) reported that application of 2000 ppm
HA decreased significantly the damage of chocolate
spot and rust diseases of faba bean.

Seaweed extract (SE), as foliar nutrient sprays,
have been used in horticulture for several decades
(Blunden, 1991). Studies conducted with SE
spraying under controlled experiments resulted in
increased leaf size in spinach, improved root growth
in tomato (Verkleij, 1992) and high earlier yield and
large fruits size in tomato (Farouk et al., 2012).
Furthermore, SE increases plant resistance to pests
and diseases, improves plant growth, yield and fruit
quality. Finally, THI as an antioxidant (Frederikse et
al., 1999), induced disease resistance in plants
(Norris and April, 1991).

During the last 20 years this substance has
drawn the attention of researchers because of its
ability to induce systemic acquired resistance (SAR)
in plants.

Therefore, the present study was an attempt 1o
carry out investigations on the effect of
biostimulants on tomato plants under natural early
blight infestation, with the aim: 1) to characterize
the variation in the antioxidant ability of different
biostimulants under early blight infestation; 2) to
investigate the possible mechanisms responsible for
early blight disease tolerance in plants treated with
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biostimulants and 3) elucidate the possible
mechanisms that might be involved in the
biostimulants-promoted antioxidant responses to
early blight disease infestation.

MATERIALS AND METHODS
1-Testing the effect of Different biostimulants

(HA, SE, THI, CHY) on growth and dry

weight of Alternaria solani;

1.1. Testing on Linear Growth of Alternaria

solani:

Different biostimulants of humic acid, seaweed and
chitosan were tested to study their inhibitory effect
on linear growth of 4. solani at the concentration
500 mg/l,and thiamine at 50 mg/l . They were added
individually to conical flasks containing sterilized
PDA medium then mixed gently and dispensed in
sterilized Petri plates (9- cm - diameter). Plates
were individually inoculated at the center with equal
disks (9-mm- diameter) of 10-days old culture of A.
solani. Five plates were used as replicates for each
particular treatment. Inoculated plates were
incubated at 25 + 2 °C.The average linear growth of
the fungus was calculated after 10 days.

1.2. Testing the inhitory effect on dry weight of

Alternaria solani:

Different biostimulants (HA, SE, THI, CHI)
were incorporated into 50 ml PD media. A 5 mm
diameter agar disc containing fungal mycelium of
Alternaria solani was transferred to the test
medium. Then flasks were incubated at 25°C in a
growth chamber. Dry weight was measured after 10
days, when the control flask reached full growth and
the average dry weight was measured. Each
treatment was represented by 5 flaskes as replicates.

Two field experiments were carried out under
natural infection at the Experimental Farm of Plant
Pathology Dept., Fac. of Agriculture, Mansoura
University, Egypt, during the two successive
growing seasons of 2008 and 2009. The experiment
was carried out to investigate the effect of foliar
application with biostimulants (chitosan, humic
acid, seaweed extract and thiamine at the rate of
(500,500,500 and 50 mg/l) in addition to water as a
control treatment, on inducing tomato (susceptible
cultivar, Super Marmand) resistance to early blight.
Before planting, both physical and chemical
analysis for the soil under investigation was
undertaken for analysis and the corresponding data
are presented in Table 1.

Five week- old tomato seedlings were
transplanted to the experimental plots on February
28" and March 2™ in the first and second season,
respectively. All agricultural practices were carried
out according to the recommendation of Ministry of
Agriculture, Egypt. Complete randomized design
with three replicates was allocated. Each replicate
consisted of 10 plants spaced at 50 cm apart on both
sides of row. The plants from each assigned

treatment  were  sprayed with  individual
biostimulants twice, 35 and 50 days after
transplanting till dripping as well as tap water
(check treatment) after adding tween 20 as a wetting
agent. All physiological characters were measured
after 85 days from transplanting.

2. Oxidative damage and stress injury

Hydrogen peroxide (H,0,), lipid peroxidation
(LPQ), malondialdehyde (MDA) and membrane
permeability (EC%) in shoot samples were
measured to assess the oxidative damage and stress
injuries. Lipid peroxidation was estimated content
“MDA” produced by thiobarbituric acid reaction as
described by Shao er al.,, (2005) and expressed as
MDA content in pmoles/g of fresh weight from the
extinction coefficient of 155 mM™ cm™. A hydrogen
peroxide level was estimated by forming a titanium-
hydro peroxide complex via methods outlined by
(Rao er al., 1997). Electrolyte leakage percentage
measurement (ELP) was used to assess membrane
permeability according to Goncalves er al., (2007),
using an electrical conductivity meter (Hanna, UK).
Flag leaf samples were placed in vials containing
distilled water and incubated at room temperature
for 24 h. Electrical conductivity of the resulting
solution (EC,) was recorded after incubation.
Samples were then placed in a boiling water bath for
30 min, cooled to room temperature, and then the
second reading (EC,) recorded. The ELP was
calculated as EC,/EC, and expressed as percentage.
3. Assay for ROS scavenging (enzymatic and

non-enzymatic)

Catalase (CAT) (EC 1.11.1.6) activity was
assayed by measuring the rate of disappearance of
H,0, using the method of Velikova et al., (2000).
Peroxidase (EC 1.11.1.7) activity was assayed by
the method of Reuveni and Reuveni (1995).
Ascorbic acid was extracted from plant material and
titrated using 2.6- dichlorophenol indophenol as
described by (Sadasivam and Manickam, 1996).
Total phenolic compounds were quantified by using
the method of (Singleton and Rossi, 1965), using
Folin-Ciocaltean reagent, that involves reduction of
the reagent by phenolic compounds, with
concomitant formation of a blue complex. The
values were expressed as mg gallic acid/g fw.
Proline content was assessed using the procedure
decribed in Bates et al., (1973). Briefly, 0.05 g of
frozen leaf tissue was homogenized in 5%
sulphosalicylic acid. After extraction, homogenates
were centrifuged to pellet cell debris at 40°C and |
ml aliquot of the supernatant was combined with an
equal volume of glacial acetic acid and ninhydrine
reagent. This mixture was boiled in water bath for 1
h. and then cooled in an ice bath. The solution was
partitioned against 2 mi toluene and absorbance at
520 nm measured in this organic layer on a
spectrophotometer,
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Table 1: Physiochemical analysis of soil used in three experiments

Physical characteristics

d i 1 X Fi i | i
Properties  Soil texture San Sift Clay CaCO3 EC ield capacity Real density
(%) (%) (%) (%) dsm-1 (%) (g/em3)
Value Clay 19 29 52 3.7 143 33 1024

Chemical characteristics

Available nutrients

Properties . Organic matter CEC
pH soil paste %) meal100 {(ppm)
) e N P K
Value 7.6 1.65 43 14 289

Total soluble sugars extracted by ethanol and then
determined by phenol-sulphuric acid method as
described by (Sadasivam and Manickam, 1996).

Statistical analysis was performed using one
way analysis of variance (ANOVA) followed by
Duncan’s Multiple Range Test (DMRT). The values
are mean LSD for three samples in each group. P
values at .05 were considered as significant,

RESULTS AND DISCUSSION
1. Effect of Biostimulants on Fungal Growth:

Data in Table (1) showed that all biostimulants
applications caused significant reduction in boty
weight and linear growth of Alternaria solani in
comparison with check treatment. In this concern,
the most effective treatment was 50 mg/l thiamine
which decreased mycelium dry weight and linear
growth from 0.950 g and 8.500 cm to 0.500 g and
5.166 cm.

There is strong evidence that mycelial growth
can be inhibited or retarded when the growth media
of fungi are amended with chitosan (El-Ghaouth et
al., 1992c). Other studies reported a complete
growth inhibition of fungi such as F. oxysporum,
Rhizopus  stolonifer, Penicillium digitatum and
Colletotrickum gleosporioides at concentrations of
3% (Bautista-Banos ef al., 2003 and 2004b). These
results were in agreement with (Bautista er al,
2003) and Rabea et al., (2003), who reported that
chitosan induced multiple biological reactions
including induction of phytoalin synthesis of B-1,3
gluconase and chitinase. The mode of action of
chitosan as fungicide might be explained by its
interaction with the fungal DNA and/or RNA as
stated by Hadwiger and Loschke, (1981).
Additionally, Leuba and Stossel, (1986) indicated
that the antifungal activity of chitosan is related to

its ability to interfere with the function of plasma
membrane of fungal cells.
2. Effect of biostimulants on oxidative damage:

The presented data in Table (2) clearly showed
that, application of biostimulants significantly
decreased hydrogen peroxide accumulation. The
most effective treatment in this concern was humic
acid at 500 mg/l which reduced hydrogen peroxide
from 20.636 and 21.367 to 13.667 and 13.989 in the
first and second season, respectively. The same
table indicated that biostimulants treatments
suppressed the increase in ELP.

The production of ROS is one of the earlist
cellular responses following successful pathogen
recognition. As shown in Table (2) natural
inoculation by Alternaria solani (Ellis and Martin)
Jones and Grout significantly increased level of
hydrogen peroxide production in tomato leaves,
where ROS was considered as the first defence line
against pathogen and may act as direct antimicrobial
against pathogen attack (Shetty er al, 2007).
Therefore, high production of H,O; in tomato leaves
is an important element of disease resistance
mechanism which are involved directly or indirectly
in restricting pathogen growth and giving the time
for plant to moblize further defence reactions.
Application of compounds markedly decreased level
of hydrogen peroxide in tomato leaves as compared
with natural infection. Induction or suppression of
ROS generation in leaves of these treatments could
be related to the activity of antioxidant enzymes
(Table 3), which decreased level of H;0O,. Thus, our
results suggested that the high production of ROS
and the capacity of plants to control its
concentrations might contribute to increase
resistance against Alternaria solani infection and
giving the time for plant to moblize further defence
reactions. ROS have been invoived in plant defence

Table 1: Effect of biostimulan on dry weight and linear growth of Alternaria solani

Treatment  (mg/h) Dry weight (g) Linear growth  (cm)
Control 0.950+0.850 a 8.500 £ 1.000 a
Chitosan, 500 0.666+0.115b 6.333+0.577b
Humic acid, 500 0.733+£0.230 b 6.333 £0.577b
Seaweed Ext., 500 0.833+0.115ab 6.500 %+ 1.000 b
Thiamine, 50 0.500 + 0.200 ¢ 5.166 £ 0.577 ¢

Values are given as mean= SD of three replicats. Means in columns by different letters are significantly different at P < 0,05 by Duncan's

Multiple Range Test.
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Table 2: Hydrogen peroxide (pM/g fw), Lipid peroxidation (mmole/g fw) and membrane
permeability (%) of tomato shoot as affected by biostimulants under natural infection of early

blight after 100 days from transplanting.

Compound
Treatment (mg/l) Hydrogen peroxide Lipid peroxidation Membrane permeability
season

lst 2nd lst znd lst znd

Control 20636+ 21367+ 14.593 = 15234 86709 87.092 £
1.471a 2.551a 2.181a 0.484a 1.241a 0.487a

Chitosan. 500 18.056 +  18.200 7.179 £ 7.307 80.030 + 80.865
’ 1.793b 2.797b 0.587b 1.000b 2.688b 2.336b

Humic acid. 500 13667+  13.989+ 6.153 % 6.174 = 75.853 + 76.856 =
’ 4.897¢c 4.738¢ 0.257b 0.196d 4.223c 2.507¢c

Seaweed Ext.. 500 16.534x  16.782 + 6452 6.516 = 66.832 £ 68.890
? 1.753b 0.855b 0.195b 0.195¢d 5.419d 7.247d

Thiamine. 50 17.756 £+ 17.834 % 6.730 = 6.815% 84.304 + 84.788 +
’ 0.466b  0.192b 0.128b 0.323¢ 2.350a 1.771a

Values are given as meanz SD of three replicats. Means in columns by different letters are significantly different at P < 0.05 by Duncan's

Multiple Range Test.

responses in several ways:a) reinforcing plant cell
wall through cross-linking reactions of lignin and
protein, b) acting as toxic agent either on plant cells,
with development of HR and SAR, or against the
pathogen through killing it or stopping its growth,
and c) participating as a second messengers in
signaling routes leading to the activation of plant
defence related genes (Shinogi ez a/., 2003).

When plants are subjected to pathogen
infection, the equilibrium between productions and
scavenging of ROS is broken, resulting in oxidative
damage of protein, DNA and lipids. MDA is the
marker for lipid peroxidation released from cellular
membranes and is formed by the reaction of ROS
with lipid molecules (Shinogi et al., 2003). Thus
lipid peroxidation in tomato plants has been proved
to be induced by pathogens, and the subsequent
products have been shown to pass antimicrobial
properties (Croft er al, 1993) and signalling
function (Melan et al., 1993). In treated plants,
MDA levels markedly decreased as compared with
infested plants. However, reduction in lipid
peroxidation in infested treated plants might be
related to the high activity of antioxidants enzymes
(Table 3), which preventing the accumulation of
free radical, and consequently membrane damage.

The antioxidant properties of chitosan are
primarily attributed to its abundant active hydroxyl
and amino groups, which react with ROS to form
stable and elatively nontoxic macromolecules
radicals (Sun et al., 2004 and Sun et al., 2008).
Previous studies have applied the antioxidant
benefits of chitosan mainly to the fields of
biomedicine, food and environmental protection. In
the current study, we demonstrated that the
antioxidant properties of chitosan can also resistance
to oxidative stress in plant subjected to natural
infection with A. solani. We show that chitosan can

mitigate the effects of infection by reducing the
extent of lipid peroxidation and by promoting the
activities of antioxidant enzymes (CAT and
POX).In this concern Yang et al., (2009) reported
that application of chitosan suppressed the increase
in MDA concentration in plant tissue. In recent
years, a growing attention has been directed towards
the antioxidant activity of chitosan (Sun et al., 2006
and Sun er al., 2008). Water-soluble chitosan was
shown to be an excellent scavenger of hydroxyl
radicals, H,0, and anion superoxide (Sun er al.,
2008).

3.1. Effect of biostimulants on antioxidant

enzymes:

Plants protect themselves against oxidative
stress by the synthesis of various antioxidant
enzymes. It was observed that antioxidant enzymes
activity was higher in biostimulants-sprayed plants
compared with control. Exogenous thiamine is more
capable than other exogenous biostimulants in
enhancing the activities of catalase and peroxidase
under natural infection. Thiamine at 50 mg/1 is more
effective than other biostimulants in mitigating the
detrimental effects of pathogen infection by
upregulation of antioxidant enzyme activities. The
highest increase was observed in 50 mg/l thiamine.

Under pathogen infection, catalase and
peroxidase  (Table 3) activities increased
significantly in the presence of biostimulants, in
particular, 50 mg/l thiamine. These results are
consistent with the results of Zaky er al., (2006).
The present investigation  suggests that
biostimulants are able to effectively detoxify H,O,
by enhancing the activities of catalase and
peroxidase under fungal infection. Yang et al,
(2009) proved that application of chitosan increased
antioxidant  enzymes  activities. = Exogenous
application of chemical biostimulants increased the
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Table 3: Catalase and peroxidase activities (unit/g fw) in tomto shoots as affected by biostimulants
under natural infection of early blight after 100 days from transplanting.

Compound
Treatment (mg/l) Catalase Peroxidase
seasons
lsl an lsl znd

Control 38.402+4.546d 37.432+3.954d 13.796 +£6.293c 12.830+3.919d
Chitosan, 500 43,581 £2.918¢ 42,718 +4.041¢ 18.609+2.315h 18.024 *1.478c
Humic acid, 500 46.385+£0.988b 46.17 £1.628b 22.708 +4.341a 22.67 £3.867b
Seaweed Ext., 500 49.082+1.347a 48.327+1.628ab  25.049+£0.963a 24.823 +0.908ab
Thiamine, 50 50.269+0.374a 50.161%1.121a 26.768 £1.077a 26.390+1.524a

Values are given as meant SD of three replicats. Means in columns by different letters are significantly different at P < 0.05 by Dunican's

Multiple Rang t.

level of CAT and POD enzymes activity in plant
tissue (Ortega-Ortiz et al., 2007). Induction of CAT
activity in the localized acquired resistance zone
could play a protective role against possible
oxidative damage (Dorey et al, 1998).
Consequently, a higher level of CAT activity in
tomato shoot in response to biostimulants may be a
pointer to the above observation. This has proved
that besides its antifungal activity, CHT induces
defense-related enzymes (Bautista-Banos et al.,
2006). A report found that when CHT was injected
in date palm roots, it could induce increase in the
activities of POD and PPO (El Hassni et al., 2004).
3.2. Effect of biostimulants on antioxidant

metabolites:

Data presented in Table(4) proved that
application of all biostimulants, in particular 500
mg/l HA, significantly increased total soluble
phenol, as compared with untreated control plants.
The level of phenol increased by 20.244, 23.498,
22.960, 21.917 and 18.889, 23.768, 22.893, 21.985
mg/g fw in the shoot in both seasons in relation to
CHI,HA, SE and Thi as compared with control plant
(14.34 and 13.775).

Accumulation of secondary metabolites is
another line of evidence for the role of biostimulants
in disease resistance comes from their stimulatory
effect on secondary metabolites production
(Gundlach er al., 1992). Qur results indicated that
biostimulants stimulated the accumulation of
soluble phenolic compounds in tomato leaves.
Specific phenolic compounds in different plant-
pathogen interactions could open the way not only
for revealing a pathogen attack but possibly also be
integrated with an automatic plant stress resistance
screening programs (Chaerle er al., 2007). Recently,
it was reported that the higher total phenolic content
of the plant resulted in higher total antioxidant
capacity (Cai et al., 2004). Phenol structure has the
ability to eliminate radical species (Ksouri et al.,
2008). It has been suggested that peroxidase could
act as an efficient hydrogen peroxide scavenging
system in plant vacuoles in the presence of
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phenolics and reduced ascorbate (Zancani and
Nagy, 2000). Normally, phenol metabolism is
activated in plants reacting to pathogens (Ellard-
Ivery and Douglas, 1996). This is due not only to
the mechanical role that phenolics play in cell walls,
but also to their antifungal properties (Harborne,
1991). Yet total phenols have long been considered
as important defence-related compounds whose
levels are naturally high in resistant varieties of
many crops (Gogoi et al., 2001).

The data in Table (4) indicated that exogenous
application of biostimulants increased significantly
proline concentration in tomato shoot. Seaweed
extract was the most effective in this concern, where
it increased proline concentration from 8.695 and
8.806 to 17.627 and 18.944 mg/g fw in the first and
second season, respectively., The accumulation of
proline seemed faster and stronger under fungal
stress. Delauney and Verma, (1993) found that
proline accumulation is thought to function as a
compatible osmolyte that stabilizes membranes and
subcellular components, including the mitochondrial
electron transport complex [I. In addition, proline is
proposed to scavenge free radicals (Siripornadulsil
et al, 2002) and to ameliorate shifts in redox
potential by replenishment of the NADP+supply
(Delauney & Verma, 1993 and Hare & Gress,
1997). In addition, proline accumulation seems to be
greater when stimulated by applying low
concentration of salicylic acid on tomato plants.
This conclusion is in agreement with other studies,
which documented the importance of biostimulants
in pathogen-induced disease resistance and
hypersensitive cell death (Delaney et al, 1994 and
Fabro et al., 2004). Through the potentiation of
oxidative burst, biostimulants can control both
biotic and abiotic defense programs (Borsani et al.,
2001).

Regarding soluble sugars, the data presented in
the same table clearly showed that all biostimulants
application significantly increased total soluble
sugars in tomato shoot in both growing season
compared with untreated control plant. Chi was the
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Table 4: soluble phenol (mg/g fw as gallic acid), Proline (mg/g fw), ascorbic acid (mg/g fw), soluble sugars (mg/g dw), and carotenoids (mg/g fw) concentration
in tomato shoot as affected by biostimulants under natural infection of early blight after 100 days from transplanting.

Compound

Phenol Proline Ascorbic acid Seluble sugars Total carotenoids
Treatments (mg/l) seasons

lu znd lst 2nd lst znd lst 2nd lst znd
Control 14.346% 13.775+ 8.790+ 8.806= 12.166+ 12.110+ 17.711+ 17.093 = 0.184 = 0.218+
3.837c 2.711c 0.532¢ 1.172¢ 4.055¢ 2.009d 2.540¢ 2.089% 0.027b 0.024b
Chitosan, 500 20.244+ 18.889+ 16.219+ 15.728+ 15.444 + 15.888+ 45.838+ 44.550+ 0.285 % 0.246 +
2.428b 4.187b 1.357a 1.164a 2.693b 1.387¢ 1.087a 4.912a 0.140a 0.028b
Humic acid, 500 23.498+ 23.768+ 16.696+ 16.702+ 16.444 + 16.833+ 22.531 & 21.352+ 0.309+ 0.281+
1.067a 0.508a 1.256a 1.017a 1.261ab 0.881bc 6.106d 1.628d 0.018a 0.028b
Seaweed Ext., 500 22.960x 22.893+ 17.627+ 17.530+ 18.944 = 18.555+ 36.987+ 35393+ 0.319 % 0.384+
1.681a 0.808a 0.419a 0.292a 0.509a 1.169a 8.115b 7.921b 0.085a 0.116a
Thiamine, 50 21.917¢ 21985 =+ 12.608+ 11387 £ 17.833 17610+ 30.589+ 30.125 % 0.369+ 0.414+
0.649ab 0.202a 4.322b 4.97% 1.202ab 0.961ab 1.600c 2.475¢ 0.067a 0.085a

Values are given as meant SD of three replicats. Means in columns by different letters are significantly different at P < 0.05 by Duncan's Multiple Range Test.
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most effective in this concern. Soluble sugars are
involved in the responses to a number of stresses,
and act as nutrient and metabolite signaling
molecules that activate specific or hormonal -
crosstalk transduction pathways, resulting in
important modifications of gene expression (Couée
et al., 2006). Total soluble sugars in leaves treated
with  biostimulant significantly increased as
compared to control plant. This increase could be
related to the high photosynthetic pigments contents
and then increased photosynthetic rate. These results
indicated the relationship between sugar regulation
and activaton of the systemic resistane. This
increase might be due to the enhanced transcription
of defence genes. Therefore, a sensor system based
on the flux of carbohydrates regulates defence gene
expression in plant cell (Blee and Anderson, 2000).

-Regarding to AsA, it was observed from the
data in Table (4) that AsA accumulation in tomato
shoot due to biostimulants application. The most
effective in this concern was seaweed extract here it
increased the concentration from12.166 and 12.110
to 18.944 and 18.555 mg/g fw in the first and
second season, respectively. The enhanced AsA
concentration in biostimulants-sprayed plants may
be due to de novo AsA biosynthesis and recycling
of the oxidized forms of AsA, MDA and
dehydroascorbate (Conklin and Barth, 2004). Under
conditions of high AsA level as seen in
biostimulant-sprayed plants, POD participated in the
scavenging of hydrogen peroxide by the
POD/phenolic/AsA  system. 1In the present
experiment, the increased ascorbate content in
biostimulant spray may be sufficient to replenish
reducing equivalents to phenoxy radicals thus
explaining the increase in the phenolic compounds.

In  conclusion, foliar  application of
biostimulants, in particular, Thi and SE enhanced
the enzymatic and non-enzymatic antioxidants in
tomato shoot infected by early blight disease, thus
suppressing early blight infection-induced oxidative
damage and enhancing early blight disease
tolerance. The current limitation of the complete
description of biostimulants signal transduction
pathway in plants means that future studies are
needed on the dissection of the complex network of
elicitors and its involvement in plant defense against
biotic and abiotic stresses using genetic, genomic
and biochemical approaches.
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