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Effect of Composted Chicken Manure on Induction of Defense Reactions
Against Tomato (Lycopersicon esculentum Mill.) Fusarium Wilt
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Abstract: In this investigation, responses of tomato plants growing in sandy soil with or without composted chicken
manure (CM) to the phytopathogen Fusarium oxysporum in terms of activities of plant defense related enzymes, i.e. B-
[,3-glucanase, peroxidase (PER), polypheno!l oxidase (PPO), and phenylalanine ammonia-lyase (PAL) and levels of
total phenolics were investigated. Higher levels of plant defense related enzymes in terms of B-1,3-glucanase, PER,
PPO were noted between 3 and 9 days in tomato plants growing in sandy soil amended with composted CM in relative
to these found in sandy soil alone upon challenge with F. oxysporum. Higher levels of PAL activities and total soluble
phenolic content were also found in CM-treated plants and reached the maximum level 6 days after inoculation with
Fusarium, in relative to these found in sandy soil alone. The present results suggest that the enhanced activities of
defense related enzymes and elevated content of phenolics in CM-treated plants may contribute to bioprotection of
tomato plants against F. oxvsporum, the causal agent of tomato Fusarium wilt.
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INTRODUCTION

Growing awareness of the environmental damage
caused by the use of chemical substances for plant
disease contro! in agriculture has raised the need to
study biological alternatives, such as activating the
defense response of plant crops by agents that are not
toxic to the environment. Among biological alternative
methods in biocontrolling plant pathogens are using
compost amended substrates in cultivating plant crops.
Composts have been used successfully for suppression
of several plant diseases (Lewis et al., 1992; Pascual er
al., 2002; Reuveni et al., 2002; Mckellar and Nelson,
2003; Borreroa ef al., 2006; Youssef, 2007).

Pseudomonas spp. (Aryantha et al., 2000), Pantoea
spp. (Krause ef al., 2003), Bacilius spp. (Hardy et af.,
1989; Berger ef al., 1996), Actinomycetes (Hardy et a/.,
1989; Aryantha er al, 2000), and fungi including
Trichoderma spp. (Smith ef af, 1990; Roiger and
Jeffers, 1991. Sid Ahmad et af, 1999) have been
identified from substrates amended with composts as
potential biocontrol agents against Phytophthora root
and crown rot. The composition of the organic matter in
the compost-amended substrate is critical to sustained
biological control (Stone ef al, 2001). Composts may
also induce systemic resistance (ISR) in plants to
several plant diseases, although the results can be
variable (Zhang et al., 1996; Pharaud ef al, 2002;
Krause et al.. 2003). Generally, systemic resistance,
induced biologically or chemijcally in plants, is
associated with an ability to resist pathogen attack by
enhanced activation of cellular defense mechanisms
(Sticher er af., 1997; Métraux et af., 2002). A mixture of
sandy soil and composted CM induced protection of
tomato plants against £. oxvsporum as well as reduced
severity of the visual symptoms of Fusarium wilt, as
compared with tomato plants grown in sandy soil alone,
i.e. without composted CMs (Youssef, 2007). The
author reported that suppreassiveness of the composted
CM against F. oxvsporum was due to their biotic and
abiotic agents.
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The purposes of this study were (1) to determine
defense related enzymatic activities, ie. B-1,3-
glucanase, peroxidase (PER), polyphenol oxidase
(PPO), phenylalanine ammonia-lyase (PAL), as well as
total soluble phenolic compounds in plants upon
challenge with Fusarium oxysporum and (2) to provide
possibility of plant defense mechanism participated in
the biocontrol of . oxysporum.

MATERIAL AND METHODS

Compost preparation and its characteristics

Chemical properties, a number of microbial
organisms and antagonistic effect against F. oxysporum
of the composted CM3 were determined elsewhere
{Youssef, 2007). CM3 was obtained from Qaloubiya
goverorates.

Isolation of F. oxysporum

F. oxysporum was isolated by the method described
by Youssef (2007) from infected tomato plants cv. GS
on specific Fusarium isolating medium {peptone
pentachloronitrobenzene agar (PPA) modified by Nash
and Snyder (1962). A 1 cm piece of tomato stem was
cut and disinfected in sodium hypochlarite (1%) for 3
min then washed several times in sterilized distifled
water and dried between folds of sterilized filter paper.

_The pieces were put on the medium containing the

following constituents in a liter of deionized water:
agar, 15 g: peptone, 15 g; KH,PO,, 1.0 g; MgS0,.7H,0,
0.5 g. After autoclaving at 121 °C for 20 min, the
medium was amended with 0.05 g chloromphenicol,
0.75 g pentachloronitrobenzene, and 10 ml (5%)
chlorotetracycline. After incubation, a hyphal tip from
the margin of the developed mycelium was
resubcultured on potato dextrose agar (PDA).

Inoculation, plant growth and disecase severity
assessment

Tomato seeds (Lyvcopersicon esculentum Mill)
were sown in trays filled with a sandy soil. After
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germination, tomate seedlings were properly fertilized
through the irrigation water with a solution of N, P and
K at 50, 14 and 41 mg I, respectively. Tomato
seedlings of 30 days old were used for each inoculation
trial. A pathogenic isolate of F. oxysporum grown on
potato dextrose agar (PDA) plates for 7 days at 26 °C in
the dark was used as an inoculum source (Youssef,
2007). The inoculum was prepared by washing the
plates with sterile distiiled water (SDW), which was
then passed through sterile cheesecloth. Based on
preliminary experiments, conidia were diluted to a
proper concentration (5 x 10° conidia mI™). Healthy and
uniform tomato seedlings of 30 days old, four to five,
and fully expanded leaves were transplanted into pots
filled with either a mixture of composted CM and sandy
soil (1:4 v/v, respectively) or sandy soil alone as a
control and inoculated two weeks later with 2 ml
Fusarium inoculum conidial suspension or SDW to
serve as control. To evaluate the role of abiotic agents,
such as biochemical compounds and nutrients in
composted CM3, a mixture of sandy soil and thermal
sterilized CM were used.  First symptoms were
observed after 10-14 days from transplanting. Five
weeks after inoculation, the plants were harvested and
their shoot and root fresh weights were estimated.
Disease severity was determined using the visual rating:
(0) no symptoms, (1) slight leaf epinasty and/or apex
chlorosis, (2) leaf epinasty and plant dwarfing, and (3)
dead plants. Data are the mean values + SD of three
independent experiments, each with three replicates
consisting of 25 plants. At various times after
inoculation, leaf samples were collected and -various
biochemical analyses were done.

Sampling, ecxtraction and determination of
enzymatic activities

Samples of treated and untreated tomato leaves
were collected at specified times after Fusarium
inoculation. These were frozen immediately in liquid
nitrogen and stored at -20 °C. Samples was crushed in
liquid nitrogen using a prechilled mortar and pestle and
then homogenized with different buffers containing 1%
polyvinylpolypyrolidone (PVPP) in the proportion of
1.0 g fresh tissue to 2 ml buffer to assay different
enzymes: sodium acetate buffers (50 mM, pH 5.0} for B-
1,3-glucanase, and 0.2 M sodium phosphate buffer (pH
6.4) for peroxidase (PER) and polyphenol oxidase
(PPO), and 0.05 M sodium borate buffer (pH 8.8,
containing 5 mM PB-mercaptoethanol) for phenylalanine
ammonia lyase(PAL) The samples were homogenized
and centrifuged at 20,000 g for 60 min at 4 °C. The
supernatants were used as the crude enzyme source to
assay enzymatic activities. Protein concentrations were
determined by the method of Bradford (1976), using
bovine serum albumin as a standard.

B-1,3-Glucanase (EC 3.2.1.6) activity was measuvred
by a modified method of Lima er al. (1997) using
Azurine-crosslinked  pachyman  (AZCL-pachyman;
Megazyme) as the substrate. The reaction mixtures
contained 0.4 ml sodium acetate buffer 10 mM, pH 0.5
and 0.1 ml crude enzyme extract. After equilibrium for
5 min in a 30 °C water bath, 100 pls of AZCL-
pachyman (100 mg/ 3 m! of 10 mM potassium acetate

buffer, pH 5.0) were added, and the mixtures were
incubated for 20 min at 30 °C with moderate shaking.
The reaction was stopped by adding 700 pl of Tris
(20%, w/v), incubated at room temperature for 5 min
and then briefly centrifuged and the amount of blue
soluble dyed fragments released from AZCL-pachyman
was measured spectrophotometrically at 595 nm.
Quantification of enzyme units ml' enzyme was
calculated using the following equation:

Units mI™" enzyme = (AA 595 test- AA 595 blank} |.3)(df}
(0.1

Where 1.3= final volume (in ml} of assay, df =
dilution factor, and 0.1= volume (in ml) of enzyme
used. The activities were expressed as units h™' g ' FW.,

PER activity was assayed according to a modified
method of Hammerschimidt ef a/. (1982). Briefly, the
assay mixture in a total volume of 3 ml contained 10
mM potassium phosphate buffer, pH 7.5 at 25 °C, 2 mM
H,O, and 9 mM guaiacol as the substrate. After dilution
of 5 pl of crude enzyme extract. the increase in
absorbance was measured spectrophotometrically at 470
nm at intervals of 30 seconds up to 2 min. Activities of
PER were expressed s enzyme units min™ mg™* protein

PPO activity was determined according to a
modified method of Canal et al. {1988). The reaction
mixtures in a total volume of 3 ml contained 0.5 ml of
crude enzyme extract and 2.5 ml of 500 mM pyrogallol
as substrate in 0.02 M potassium phosphate buffer (pH
0.7). The increase in absorbance was measured
spectrophotometrically at 420 mm over 2 min at the
steepest increase at 25 °C. One unit of enzymatic

- activities is defined as the amount of enzyme giving,

under the assay conditions, a change in absorbance of
0.001 per min. PPO activities were expressed as enzyme
units min g™ FW.

PAL activity was assayed by measuring the amount
of trans-cinnamic acid formed at 290 nm as described
by Beaudoin-Eagan and Thorpe (1985). The reaction
mixtures consisted of 100 ul of plant extract and 900 pl
of 6 uM L-phenylalanine in 500 mM Tris-HCI buffer,
pH 8.5. After 60 min at 37 °C, the reaction mixture was
stopped by the addition of 0.05 m| N HCI and measured
spectrophotometrically at 290 nm. PAL activities were
expressed as pmoles min”' mg™' protein

Extraction and determination of phenolic content
Total phenolic compounds were determined using
the method described by Singleton and Rossi (1965).
Samples (2 g) were homogenized in 80% aqueous
ethanol at room temperature and centrifuged at 10, 600
g for 15 min and the supernatant was saved. The residue
was re-extracted twice with 80% ethanol and
supernatants were pooled, put into evaporating dishes
and evaporated to dryness at room temperature. Residue
was dissolved in 5 ml of distilled water. One-hundred
ul of this extract was diluted to 3 ml with water and 0.5
m! of Folin-Ciocalteau reagent was added. After 3 min,
2 ml of sodium carbonate (20%) were added and the
contents were mixed thoroughly., The color was
developed and absorbance was measured
spectrophotometrically at 650 nm after 60 min. The
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standard curve was prepared using catechol. The
absorbance was converted to the phenolic content in
terms of catechol equivalent. The results were expressed
as pg of phenolics g FW.

RESULTS

Assessment of disease severity and plant growth

Data presented in Table (1) show that disease
severity on tomato plants infecied by F. oxysporum was
significantly decreased in  soil amended with
unsterilizad CM relative to that found in sandy soil
alone. It was evident that the disease index reached a

value of 2.2 and zero for plants grown in sandy soil
inoculated and non-inoculated with F. oxysporum,
respectively. Data also show that addition of non-
sterilized CM3 to soil resulted in stimulation of
vegetative growth in infected and non-infected tomato
plants. The fresh weight of plants grown in the soil-CM
mixture was significantly higher than those grown in
soil alone. In addition, Data in Table (1) aiso show that
sterilized CM exhibited a potential role in reducing the
disease severity and increasing fiesh weight, suggesting
that manure's abiotic agents having a capability to
protect tomato plants from F. axysporum.

Table (1): Eftect of composted CM on infection by F. oxysporum and shoot fresh weight (FW) of tomato plants grown
in thermal sterilized sandy soil alone or combined with non-gterilized and sterilized CM.

Treatments Inoculated plants

Non-inoculated plants

Disease Fresh Disease Fresh

Severity weight/piant Severity  weight/plant
Soil only (control) 221(x0.12) 13.1{x19) 0.0 234+ 1.3)
Soit + CM3 1.07 (£ 0.07) 21[( L+ 1.3) 0.0 e 2.1
Soil + CM3’ 1.81(£0.08) 187 1.2) 0.0 293 (£ 1.3)

Control: soif without composted CM . CM3* represents sterilized €M at 120 °C for 40 min.

Induction of defense enzymatic activities

Sandy soil amended with CM increased f-1,3-
glucanase activities in tomato plants following infection
with F. oxvsporum, compared to these found in tomato
plants grown in soil alone (Fig. 1), The concentration
of f-1,3-glucanase was increased gradually and reached
maximum levels between 6-9 days, them declined
Similar trends were also found in terms of PER and
PPO activities, as shown in Fig. (!). Significant
increases in PAL activities were noted in tomato plants
grown in sandy soil amended with CM during 3-6 days
after inoculation with F. oxysporum, then declined,
relative to these found in tomato plants grown in sandy
soil alone (Fig. 1). Simitar trend to PAL activities was
found in terms of accumulation of total soluble phenolic
compounds. [t was evident that challenge inoculation
with F. exysporum significantly increased the enzymatic
activitics, as well as total soluble phenolics, when
tomate plants were grown in soil amended with CM,
relative to the control.

DISCUSSION

In the field of plant protection, induction of disease
resistance via biotic and abiotic agents has been
reported to provide protection against invasion of
phytopathogens in several plant species (Van Loon ef
al. 1998). In this investigation, plant disease severity
(Table 1) was significantly decreased and plant fresh
weight was significantly increased in soil amended with
unsterilized CM, relative to the control plants grown in
sandy soil alone. Thermal sterilized CM also exhibited a
potential role in reducing the disease severity and
increasing plant fresh weight, suggesting that manure's

abiotic agents also have a capabilily to protect tomato
plants against F. oxysporum. Our results, in terms of
manure's biotic and abiotic agents, are in agreement
with Zhang et al. {1996), Hoitink and Boehm (1999),
Erhart et al. (1999), Szczech (1999), Reuveni et al.
(2002), and Kavroulakis er af. (2005) who reported that
compost amendments have been shown to suppress
plant diseases caused by several soilborne plant
pathogens.

In general, defense related enzymes and phenolic
content are often associated with disease resistance in
various plant species {Harborne, 1994; Sticher ef al.
1997). The results of the present investigation indicated
that sandy soil amended with CM induced higher
activities of B-1,3-glucanase, PER, PPO, PAL, as well
as total soluble phenolics in tomato plants upon
challenge with F. oxysporum compared with tomato
plant grown in sandy soil without CM. The present
results also indicated that the early increases of B 1,3-
glucanase, PER, PPO, PAL, as well as total soluble
phenolics in tomato plants are correlated with a
reduction in disease severity (Table t and Fig. 1A, B, C,
& D). The obtained results are in agreement with
Hammerschmidt ¢ al.(1982), Pellegrini ei al. {1994),
Zhang et al. (1998), Reuveni et al. (2002) who reported
that B 1,3-glucanase, PER, PPO, PAL, as well as total
soluble phenolics are associated with induced resistance
in many plant species. Our results are also in accordance
with (Zhang et al., 1996; Pharaud et af., 2002; Krause et
al., 2003) who reported that compost amendments may
also induce systemic resistance, via inducing defense-
related reactions, in plants to plant diseases.
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B-1,3-Glucanases are able to partially degrade
fungal ceil walls by catalyzing the hydrolysis of B3-1,3-
glycosidic bonds in glucans, which are, together with
chitin, the major cell wall components and are thought
to be involved in plant defense mechanisms against
fungal infection {Van Loon, 1997). PERs have been
implicated in multiple functions of plant disease
resistance, including reinforcement of cell wall, lignin
biosynthesis and hydrogen peroxide generation, cross-
linking of phenolics and glycoproteins, suberization and
phytoalexin production (Milosevic and Slusarenko,
1996, Wojtaszek, 1997). In addition, phenolic
compounds can be oxidized by PER and PPO and
produce antimicrobial phenolic substances, such as
quinones, which are more toxic to pathogens than the
former (Sivaprakasan and Vidhyasekaran, 1993). PAL
is the first enzyme in the phenylpropanoid and flavonoid
pathways and its increased activity has been associated
with increases in lignin, phytoalexins, salicylic acid and
other defense compounds ({Lee er al., 1995; Whetten
and Sederoff, 1995; Mauch-Mani and Slusarenko, 1996;
Shadle er al, 2003), which were proposed to reduce
incidence of plant disease through antifungal activity
and stimulation of plant defense responses (Reymond
and Farmer, 1998; Jeandet er al., 2002). Phenolics are
well known antifungal, antibacterial and antiviral
compounds occurring in plants (Sivaprakasan and
Vidhyasekaran, 1993). According to Matern and
Kneusal (1988), the first step of the defense mechanism
in plants involves a rapid accumulation of phenols at the
infection site, which restricts or slows the growth of the
pathogen.

The mechanism by which composted CM enhance
the resistance against plant diseases is not completely
understood. Generally, antifungal hydrolytic enzymes,
ie. B-1,3-glucanase, and oxidative enzymes, ie. PER
and PPQO are considered potentially important in host
resistance mechanism, as also suggested by Schneider
and Ullrich (1994). In addition, PPQ, B-1,3-glucanase,
and PAL also showed an important role in induced
resistance of plants (Sharan ef @/, 1998; Li and Steffens,
2002). Activation of PAL in tomato could directly affect
accumulation of secondary toxic compounds, such as
phytoalexins, which might be released in root exudates
and on root segment surfaces from the inoculated plants
to inhibit fungal spore germination and growth. As  §-
1,3-glucanase has been proven to hydrolyze the B-1,3-
linked glucans, major components of the cell wall of
fungi, and synergistically acts with chitinase to inhibit
fungal growth (Schneider and Ullrich, 1994; Kim and
Hwang, 1997). PAL is the first enzyme of the
phenylpropanoid pathway and is involved in the
biosynthesis of phenolics, phytoalexins, and lignins
(Pellegrini er al., 1994). Therefore, the increased PAL
activity will contribute to the reduced percentage of
incidence. Phenolics are known to be involved in
disease resistance in plants (Harborne, 1994). Many
phytoalexins produced by plants as a direct /n vivo
response to fungal infection are specific antifungal
agents and belong to the phenolic class.

The results of the present investigation suggest that
treatment with composted CM triggers the induction of
defense-related reactions in tomato plants upon
challenge with F. oxysporum, the causal agent of tomato
Fusarium wilt. The modes of CM action to suppress
plant diseases caused by plant pathogens required
further work to fully elucidate disease suppression by
compost The effect of CM on other enzymatic and non-
enzymatic plant defense mechanisms may also
participate in disease resistance.
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