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Abstract

Biological agents are an important approach to controlling many fungal phytopathogens; plants produce phytoalexins such as
phenol, alkaloids and tannins as a response to the biotic stresses. The results showed that the addition of the biological control
of Trichoderma harzianum to Alternaria alternata caused an increase in the activity of the enzyme phenylalanine ammonialyase
(PAL) after 20 days from the start of the greenhouse experiment, which was 6.21 mmol/min in the Spinal variety, compared with
the enzyme activity in the treatment with A. alternata alone, which was 5.51 mmol/min. The variety Netherland mulch recorded
a lower phenolic content in all treatments, and the treatment with biological control T. harzianum in addition to A. alternata had
the highest content as it reached 4.50 mg/g on day 20, Netherland mulch variety showed the most amount of alkaloids and tan-
nins than others during different periods. The plants treated with the biological control of T. harzianum contained the most alka-
loids on day 20, which was 5.15% It decreased to 3.65% on day 30. The most tannins in Netherland mulch variety were in the
plants treated with biological control T. harzianum alone, which was 3.93% on day 20, compared to the plants treated with A.
alternata alone, which was 0.71%. The addition of biological control of T. harzianum to A. alternata increased the plant amount
of tannins, which was 2.01%. The study would help to understand the role of T. harzianum as a biological control to the re-

sponse of the varieties to the formation of plant defenses, including phytoalexins.
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INTRODUCTION

Bean (Vicia faba L.) is a common crop farmed for food
and fodder; its seeds are a reliable energy source fiber
and protein. The seed dry matter content protein is 24—
35% of an average of 29% (Crépon et al., 2010), mak-
ing it the most leguminous crop rich in protein
(Robinson et al., 2019). It contains a high percentage of
essential amino acids and lysine in the diet, a good
protein source (Khazaei and Vandenberg, 2020), and
contains polyphenols, which are antioxidants. Eating
legumes helps reduce heart disease cancer (Crépon et
al., 2010; Khazaei and Vandenberg, 2020). Many fun-
gal pathogens infected Vicia faba plant, causing great
losses in the crop, as it was attacked by many foliar
diseases such as chocolate spot caused by Botrytis
fabae and B. cinerea, rust caused by Uromyces fabae,
downy mildew caused by Peronospora viciae. Alter-

naria alternata was identified as the cause of Alternaria
leaf spot. This fungus is characterized by its ability to
produce different types of toxins that contribute to the
invasion of plant tissue and infection and its carcino-
genic effects on human cells (Reis et al., 2007; Ju-
roszek et al., 2011).

Various control methods, including biological and
chemical methods, cross-prevention, agronomic re-
sistance and practices varieties, were studied to control
A. alternata, causing faba bean spotting leaf. Some-
times, chemical control against this pathogen gave
good results, but improper use of fungicides often leads
to resistance to A. alternata and risks of environmental
contamination (Kamble et al., 2000; Wang et al., 2022)
Biological agents are an important approach to control
many fungal phytopathogens and exploration of new
biological agents as antibiotics for biological control is
also increasing, Inhibition of growth of A. alternata that
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causes bean leaf spot disease by Bacillus subtilis,
Trichoderma harzianum and T. viride (Kumar et al.,
2020).

The mechanisms of activating resistance in plants de-
pend on the presence of the pathogen. These mecha-
nisms include increased peroxidase activity, B-1,3-
glucanase, chitinase, phenylalanine ammonia-lyase
and polyphenol oxidase, leading to systemic acquired
resistance (SAR) and induced systemic resistance
(ISR) (Chen et al., 2017). Phenyl alanine ammonialyase
(PAL) enzyme is an essential enzyme in secondary
metabolites of plant biosynthesis, such as the produc-
tion of many phenolic compounds that lead to an in-
crease in lignin deposition and the thickness of cell
walls. Entering the second pathway, phenylpropanoid,
which converts phenylalanine into trans-cinnamic acid,
and the latter is converted into many phenolic com-
pounds necessary for physiological processes, plant
growth and development, and interactions between the
environment and plants, especially resistance to patho-
gens such as lignin precipitation and structural strength-
ening (Zhang and Chang-Jun, 2015; Cass et al., 2015
and Mssillou et al., 2022).

Phenols are secondary metabolic products in plants
that arise from the shikimic acid and malonic acid path-
ways. They are a large group of compounds that are
divided into groups: Coumarin, Lignin, Flavonoids, Phe-
nolic acids, and Tannins. They are necessary for the
physiological processes of the plant and the interac-
tions between the environment and the plant, and they
have a role as defense compounds for pathogens and
act as powerful antioxidants (Lattanzio, 2013; Matolep-
sza et al., 2017).

Phytoalexins are antimicrobial compounds with low mo-
lecular weight produced by plants in response to abiotic
and biotic stresses. The rapid accumulation of phytoa-
lexins after infection gives a positive result on plant re-
sistance to pathogens, accumulates at the site of infec-
tion, inhibits the radial growth of the fungus, and inhibits
bacterial tube elongation and asymmetric growth (Singh
and Chandrawat, 2017; Sen, 2017).

The aim of the present study was an estimation of phe-
nylalanine ammonialyase (PAL) and some phytoalexins
such as total phenol content, alkaloid and tannins in
three varieties of V. faba plants infected with A. alterna-
ta after 10, 20 and 30 days of adding the pathogen A.
alternata and study the effect of T. harzianum as a bio-
logical control in the content of these parameters.

MATERIALS AND METHODS

Pathogenic fungi used in treatments

Alternaria alternata isolated from the leaves of Vicia
faba plants infected with spotting were cut into pieces of
1 cm and superficially sterilized with 70% ethanol for 3
minutes, then washed with sterile distilled water, dried

with sterile filter paper and transferred by sterile forceps
to a Petri dish containing Potato Dextrose Agar (PDA)
medium with the antibiotic Streptomycin at a concentra-
tion of 50 Mg/ml. The plates were incubated at a tem-
perature of 28° C for 7 days. The fungus was identified
using taxonomic keys (Ellis, 1971; Barnett and Hunter,
2006 ; Cass et al., 2015 ; Basim et al., 2018 ).

Varieties of Vicia faba used in treatments
Three V. faba varieties were used in treatments:
Netherland mulch, Local Syria and spinach.

Biological control used in treatments
Trichoderma harzianum was the biological control used
in treatments.

Treatments in greenhouse

The three soil treatments:1. Soil treatment with A. al-
ternata alone, 2. Soil treatment with A. alternata + T.
harzianum and 3. Soil treatment with T. harzianum
alone and 4- Sterile soil (control). According to Saydam
et al. (1973), the greenhouse treatments were carried
out.

Estimation of the activity of the PAL enzyme

0.5 g. of leaflets were taken for each treatment and
crushed with 2 ml of phosphate buffer pH 6 (buffer was
prepared by mixing a solution of NaH,PO, and
Na,HPO, at a concentration of 0.1 M for each) and
placed the mixture in test tubes of 10 ml, the tubes un-
derwent a rapid centrifugation process 4000 rpm for 15
minutes, and this was the supernatant (filtrate solution).
Spectrophotometer type (PHILIPS — PYE UNICAM SP6
-350) was used to estimation of the activity of APL by
added 0.5 ml of the phenylalanine (amino acid as sub-
strate) at a concentration of 6 yM with 0.5 ml of Tris-
HCI solution at a concentration of 0.5 M pH 8 with 0.2
ml of the filtrate solution in test tubes, incubating the
mixture for 4 h. at a temperature of 37°C The reaction
was stopped by adding 0.05 ml of HCI at a concentra-
tion of 5 M. Then the color change was measured at
290 nm for three replicates of each treatment
(Beavdoin-Eagan and Thorpe, 1985), after 10, 20 and
20 days of adding the pathogen A. alternata.

Estimation of phytoalexins

Estimation of total phenol content in the plants
Phenols were calculated based on mg of phenols/g of
plant tissue and used catechol (standard) after 10, 20
and 20 days of adding the pathogen (Rishi et al., 2008).
1 g. of fresh plant leaves were with methanol (10 ml) at
a concentration of 80% and placed in a water bath at
70° C with continuous stirring for 15 min. After filtration,
5 ml of distilled water was mixed with 1 ml of the filtrate
and 2.5 ml of Follin's reagent in a tube and incubated at
25 ° C for 30 minutes. An appropriate amount of the
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solution was taken and placed in the device's cell. The
Spectral absorbance was measured at 725 nm.

Estimation of the alkaloid content in the plants

Five gm. of dry bean leaves were taken from all treat-
ments for the three varieties and placed in a beaker
and 200 ml of acetic acid at a concentration of 10%
was added to it (10 ml of acetic acid 90 ml of ethanol).
The samples were placed for 4 hours in a water bath.
The solution was filtered and concentrated to a quarter.
The original volume and a drop of NH4OH were added
until sedimentation was completed. Then, the precipi-
tate was taken, washed with a dilute solution of NH,OH
and filtered afterwards. Then, the precipitate represent-
ing the alkaloids was taken, dried and weighed, and the
percentage was calculated on the basis of the dry
weight (Abbas et al., 2012).

Estimation of tannins content in the plants

The method of Boham and Kocipai-Abyazan (1994)
was adopted. 0.5 gm. of dry bean leaves were taken
from all treatments for the three varieties, and 75 ml of
distilled water was added to it and placed in a boiling
water bath for 30 minutes, then centrifuged at a speed
of 2000. The filtrate was placed in a beaker and made
up to 100 ml with distilled water. Then 20 ml of lead
acetate at a concentration of 4% was added, placed in
a shaking device for an hour, and filtered with filter pa-
per. The precipitate was taken and dried in an oven at
105 °C for an hour. The weight of the ceramic eyelid
was taken, heated at 55°C, weighing the eyelid again,
and calculating the percentage of tannins was accord-
ing to the equation no. 1 below:

% Tannins = AX B/ C X100 Eq.1
A: Weight of the residue before burning; B: Weight of
the residue after burning; C: Sample weight

RESULTS

Activity of the PAL enzyme

The addition of the biological control T. harzianum to A.
alternata caused an increase in the activity of the en-
zyme PAL after 20 days from the start of the green-
house experiment, which was 6.21 mmol/min in the
Spinal variety, compared with the enzyme activity in the
treatment with A. alternata alone, which was 5.51
mmol/min, as well as the treatment in sterile soil
(control) in which it reached the activity of the enzyme
was 4.32 mmol/min, and the highest activity of the en-
zyme was in the treatment of biological control T. harzi-
anum alone, which was 6.97 mmol/min.

Netherland mulch variety showed different effects. The
addition of biological control T. harzianum to A. alterna-
ta gave the highest activity of the enzyme on day 20,
reaching 5.72 mmol/min, and it decreased on day 30
until it remained higher than its effectiveness on day

10. Local Syria variety was the least of the varieties
responding to the biological control, as the activity of
the enzyme in the treatments of biological control T.
harzianum added to A. alternate was 5.17 mmol/min on
the day 20 compared to treatment with A. alternata
alone, as the activity of the enzyme PAL reached 3.58
mmol/min and decreased on the day 30. It remained
higher than the enzyme activity on day 10, and the en-
zyme activity in the control treatment (sterilized soil)
was 2.43 mmol/min, 1.22 mmol/min, and 1.01 mmol/
min on days 20, 30, and 10, respectively (Fig. 1).

Estimation of total phenol content in the plants

The results in Fig. 2 show that the addition of the bio-
logical agent to the fungus led to an increase in the
total phenols in treated plants, and it reached its high-
est level on day 20 of the start of the greenhouse ex-
periment, then it began to decrease on day 30. Howev-
er, it remained higher than the day 10 in all the studied
varieties. Spinal variety plants were the highest in the
content of total phenols, and the treatment with biologi-
cal agent T. harzianum added to A. alternata recorded
an amount of 5.21 mg/g, compared to the treatment
with A. alternata alone, as the amount of total phenols
was 4.04 mg/g. The treatment with biological control T.
harzianum alone had the highest amount of phenols,
reaching 5.92 mg/g on day 20. The total phenols de-
creased in all treatments on day 30 until it remained
higher than its amount on day 10.

In all treatments, the variety Netherland mulch record-
ed a lower phenolic content. The treatment with biologi-
cal control T. harzianum, in addition to A. alternata had
the highest content as it reached 4.50 mg/g on day 20.
It decreased on day 30 and amounted to 3.62 mg/g. It
differed from the local Syria variety in the studied peri-
ods and was the lowest in total phenols content.

Estimation of the alkaloid and tannins percentage
in the plants

Netherland mulch variety had the most amount of alka-
loids and tannins than others during different periods.
The plants treated with the biological control T. harzi-
anum had the alkaloids highest amount of on day 20,
which was 5.15%. It decreased to 3.65% on day 30 but
remained higher than its amount on day, which was 10
3.11% compared to plants treated with A. alternata
alone, which was 1.31% on day 20 and decreased to
0.75% on day 30. There was no amount of alkaloids on
day 10. The addition of biological control T. harzianum
to A. alternata increased the amount of alkaloids, which
was 3.92% on day 20. The amount of alkaloids in the
treated plants of Local Syria and Spinal varieties dif-
fered according to the treatments compared to the con-
trol treatment (sterilized soil).

As for the plant amount of tannins, it differed according
to different treatments and varieties. The most tannins
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Fig. 1. Effect of different treatments on the activity of the
PAL enzyme (mmol/min) for Vicia faba varieties plants

amount in Netherland mulch variety was in the plants
treated with biological control T. harzianum alone,
which was 3.93% on day 20, compared to the plants
treated with A. alternata alone, which was 0.71%. The
addition of biological control T. harzianum to A. alterna-
ta increased the plant amount of tannins which was
2.01%, and tannins amount in the plants treated in
Local Syria and Spinal varieties differed with the differ-
ent treatments compared to the control treatment
(Table 1).

DISCUSSION

Induced systemic resistance is defined as an increase
in the plant's defensive ability against pathogens after
stimulating the defense means by the induced
(Mhlongo et al., 2018). It is a set of structural and

Fig. 2. Effect of different treatments on total phenols for
Vicia faba varieties plants

chemical reactions that fail or hinder infection (Sharma
et al., 2018). PAL works in the biosynthesis of second-
ary metabolites, such as producing many phenolic com-
pounds, which lead to increased lignin precipitation and
cell wall thickness (Chen et al., 2017; Khazaei et al.,
2019).

PAL is the first enzyme to work through the phenylpro-
panoid produced in the biological structure that regu-
lates various metabolic processes such as Coumaric
acid, Cinnamic acid, Ferulic acid, Caffeic acid, flavo-
noids, tannins and lignin. These products protect the
plant against various abiotic stresses and pathogens
that attack them as evidence of positive defense
(Hahlborck and Sheel, 1989).

T. harzianum has a role in catalyzing and activating4-
cinnamate hydroxylase, 4-Coumarate CoA ligase and
PAL, causing an increase in the activity of these
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Table 1. Effect of different treatments on the percentage of alkaloids and tannins for the Vicia faba varieties plants

Type of Varieties
phytoalexins Treatments Netherland mulch Local Syria Spinal
Days
10 20 30 10 20 30 10 20 30
A. alternata - 1.31 0.75 - 0.53 - - 1.2 0.93
A. alternata + T. 1.24 3.92 241 120 197 1.51 115 3.75 2.65
. harzianum
Alkaloids
T. harzianum 2.1 5.15 365 276 335 352 142 3.9 2.93
Control (Sterile soil) 1.89 2.84 20 0.10 0.72 0.21 0.54 299 272
A. alternata 0.21 0.71 0.53 - 0.2 - - 0.52 0.30
A. alternata + T. 1.23 2.01 1.73 0.1 095 034 032 1.32 0.71
. harzianum
Tannins
T. harzianum 1.54 3.93 254 035 121 1.0 0.37 2.01 0.95
Control (Sterile soil) 0.54 1.75 093 014 072 054 0.01 0.99 0.30

enzymes and many compounds accumulation that
decreased microorganisms growth, including acid, Sali-
cylic Acid, Benzoic Acid, and Ethylene, Derivatives of
Jasmonic Acid, PAL, after induction by a living or abiot-
ic agent, works by building lignin primers and other cy-
clic compounds and is itself toxic for pathogenic organ-
isms such as Phytoalexin compounds (Gveroska. and
Jovancev, 2011), these precursors condense in the
Shikimic Acid Pathway to form Lacticin, which is the
most complex organic compound on the face of nature
(Al-Ameri; Ramadan, 2022). This is confirmed by the
results shown in Fig. 1. The highest activity of PAL en-
zyme was in the treatment of biological control T. harzi-
anum alone. The addition of the biological control T.
harzianum to A. alternata caused an increase in the
activity of the enzyme PAL, and phytoalexins which are
total phenol, as shown in Fig. 2 and the percentage of
alkaloids and tannins for the Vicia faba varieties plants
as in Table 1 as compared with the treatment with A.
alternata alone, The reason for the difference in the
effect of the biological control on the PAL activity and
phytoalexins (phenol, alkaloids and tannins ) in three
varieties is due to their genetic differences. P. fluo-
rescens showed its efficiency in inducing systemic re-
sistance and increasing the plant's defense ability
against sheath blight disease in rice caused by R. sola-
ni, and recorded an increase in the activity of the PAL,
which led to an increase in the percentage of seed ger-
mination and the length of the root and shoot (Reshma
et al., 2018). Bacillus siamensis strain LZ88 had signif-
icant antagonistic activity against various pathogenic
fungi, especially against Alternaria alternata, which
causes tobacco brown spots (Wang et al., 2022).

Conclusion

The results show that the addition of the biological con-

trol T. harzianum to A. alternata caused an increase
in the activity of the enzyme PAL after 20 days from the
start of the greenhouse experiment in the Spinal varie-
ty, compared with the enzyme activity in the treatment
with A. alternata alone, while Netherland mulch Local
Syria varieties showed different effects. The Netherland
mulch variety recorded a lower phenolic content in all
treatments, and there were more alkaloids and tannins
than other varieties during the different periods. The
difference in results may be due to the difference in the
genetic structure of the studied varieties, which causes
a difference in the response of the varieties to the for-
mation of plant defenses, including phytoalexins.
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