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ABSTRACT

Alternaria solani responsible for early blight of eggplant is a worldwide spread notably in Iraq. The use of biological
control agents represents the best alternative and eco-friendly approach. Two soil-borne fungal (Paecilomyces
lilacinus and Trichoderma harzianum) were tested in laboratory conditions using the dual confrontation technique at
different concentrations of conidia filtrate (10, 20 and 30% conidia/mL) and in vivo as potential bio-agents against A.
solani. T. harzianum possessed the highest antifungal potency against A. solani with an inhibition rate above 50% at a
concentration of 30% conidia/mL. In greenhouse experiments, both P. lilacinus and T. harzianum treated preventively
on eggplant leaves inoculated with A. solani lowered significantly the disease severity index (31.61% and 28.08%,
respectively). Obtained results revealed an augmentation of the peroxidase activity (4.84 units/g/mL/min for P.
lilacinus; 3.88 units/g/mL/min for T. harzianum) in comparison with positive and negative controls. The effect of
these two antagonists is limited not only to the protection of eggplant plants but also to the improvement of their
growth by increasing the fresh (27.01% for P. lilacinus and 34.45% for T. harzianum) and dry weights (3.31% for P.
lilacinus and 5.90% for T. harzianum) of the above-ground portion. Based on our results, we can conclude that T.
harzianum could be recommended for biological control use.

Keywords: Alternaria solani, antagonistic fungi, biocontrol activity, in vitro antagonism, Solanum melongena.

INTRODUCTION

Early blight is one of the serious foliar diseases of
eggplants all over the world. The disease is caused by the
species of Alternaria and the most destructive species is
A. solani (El-Debaiky, 2018). Disease symptoms are
characterized by formation of dark brown to black
lesions with concentric rings and necrosis of leaf tissue
between the veins (Iram et al, 2018; Chohan et al,
2019). The high level of humidity and frequency of
precipitation following by the hot and dry weather
greatly reduces the yield. In Iraq, the amount of eggplant
infection has been estimated more than 60% (Salih &
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Abdul Ridha, 2019; Jindo et al, 2021).

There are some methods to control this disease
(chemical control, biological treatment, resistant
varieties, crop rotation, etc.) which are able to inhibit
spore germination and block appressorium formation
(Rhouma et al, 2016; El-Debaiky, 2018; Rhouma et al,
2018). Increasing concerns for the public health and
environment pollution have caused growers to search
for an alternative strategy to control this disease (Esh et
al, 2011; Rhouma et al, 2020). In addition, about $32-
$45 million is spent annually of fungicides worldwide to
control Alternaria sp. (El-Tanany et al,, 2018).

Therefore, the development of new alternative control
strongly Recently, new
environmentally friendly tools (biological control) were
tested to manage this disease worldwide (Chohan et al,
2019; Salih & Abdul Ridha, 2019). Many species of

antagonistic fungi (Trichoderma spp., Paecilomyces spp.,

methods is required.
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Penicillium spp., Aspergillus spp., etc.) presented high
efficacy against A. solani under in vitro condition and
able to reduce disease severity and induce plant
resistance under greenhouse and field conditions (Esh et
al, 2011; Fontenelle et al, 2011; Rhouma et al, 2018).
Trichoderma spp. has been shown to be the most
effective biological control agents (BCA’s) against many
plant pathogens (El-Tanany et al, 2018; Matrood et al,
2020).

Due to the importance of early blight disease on the
eggplant caused by A. solani and the need for more
essential information to manage this disease and to
decrease the economic and environmental damage of the
employ fungicides and given more researches on the
integrated management of the early blight. The
objectives of this
Paecilomyces lilacinus and Trichoderma harzianum for
their ability to lower the growth of Alternaria solani in
laboratory and greenhouse conditions.

MATERIAL AND METHODS

One pathogen (Alternaria solani) and two fungal
antagonistic (Paecilomyces lilacinus and Trichoderma
harzianum) were used in this study (in vitro and in vivo
conditions). The fungal species used in the present
research were obtained from the Laboratory of Plant
Protection, College of Agriculture (Basra, Iraq), and they
were isolated from leaves (pathogen) and rhizosphere

investigation were to examine

(fungal antagonistic) collected from experimental field
cultivated by eggplant plants in Basra, Iraq during
January-December 2019.

Evaluation of antifungal activity of Paecilomyces
lilacinus and Trichoderma harzianum against
Alternaria solani in laboratory condition: The effect
of in vitro antagonism of P. lilacinus and T. harzianum on
the growth of radial mycelium of A. solani was
determined by the dual confrontation method. P.
lilacinus and T. harzianum were grown on potato
dextrose agar (PDA) medium and conidia filtrate were
prepared according to the method described by Rhouma
et al. (2018). Conidia were collected by adding 10 mL of
sterilized distilled water and 0.02% Tween-80 to Petri
dishes containing P. lilacinus and T. harzianum (7 days
old). The conidial suspension was filtered and agitated
for 5 min using a horizontal shaker (100% conidia/mL).
The concentration of conidial suspension was adjusted
at 10, 20 and 30% conidia per mL. Conidial viability was
evaluated for each cells batch and only lots estimated to
be >95% viable were considered in these experiments
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(Rhouma et al,, 2018).

A volume of 100 uL with indicated conidia filtrate
concentrations of each antagonistic fungus was
transferred aseptically into Petri dishes containing PDA.
One disc plug (0.5 cm) of pathogen (4 days old) was
placed in the center of PDA medium containing different
concentrations of conidial suspension of each
antagonistic fungus. The control was performed by
placing one disc plug of pathogen in Petri dishes
containing only PDA medium (PDA without conidia
filtrate of antagonistic fungus). Ten Petri dishes per
replication (5 replications) were carried out for each
individual treatment and then incubated at 25 for 5 days
(Matrood & Rhouma, 2021).

The mycelial growth inhibition of A. solani (I) was
assessed by the formula of Rhouma et al. (2018): 1 (%) =
((Do-Dn)/Do) x 100. Dn represents the diameter of
pathogen radial growth in the presence of the indicated
conidia filtrate concentrations of antagonist, whereas; Do
represents the diameter of pathogen radial growth in the
control treatment.

Evaluation of antifungal activity of Paecilomyces
lilacinus and Trichoderma harzianum against
Alternaria solani in greenhouse condition: The
experiment was carried out in the greenhouse as a
randomized complete block design (three blocks each
of 20 pots). Eggplant seedlings (cv. Barcelona) were
placed in a pot containing peat and vermiculite (1:1); at
the rate of one seedling in each pot. Before treatment,
eggplant leaves were sterilized for two minutes by
soaking in 3% solution of NaOCl and then washed with
sterilized distilled water 3 times. The assay was
achieved preventively by spraying eggplant leaves (10
mL) with 30% of conidia per mL of each antagonistic
fungus. 10 mL (106 cfu\mL) of A. solani were applied 7
days after. Two controls were performed; positive
(pathogen only) and negative (sterilized distilled
water) controls. Immediately after inoculation plants
were enclosed in plastic bags for 24 h to optimise
conditions suitable for infection (Rhouma et al, 2018).

Assessments were performed 3 weeks after
inoculation. Observed areas symptoms were scored for
disease index (DI) using a scale from 0 to 4; 0 = no
spots; 1 = number of spots covering leaf about 1-3
spots, with yellowing of 1-25% of the leaf area; 2 =
number of spots covering leaf about 4-6 spots, with
yellowing of 26-50% of the leaf area; 3 = number of
spots covering leaf about 7-9 spots, with yellowing of
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51-75% of the leaf area; 4 = spots covering the totality
of leaf, with yellowing of 75-100% of the leaf area. The
disease severity index (DSI) were calculated for each
block by the formula of McKinney: DSI (%) = (Zvn)/(20
x V)x100. v is the numeric value of DI scale, n is the
number of plants assigned to the disease index scale,
and V is the numeric value of the highest disease index
scale (Matrood et al, 2021).

After determining the fresh weight of the above ground
portions, samples were dried in an oven at 60°C for 48
h for dry weight determination.

Peroxidase (POX) activity was evaluated according to
the method of Velazhahan and Vidhyasekaran (1994). 3
ml of reaction mixture composed of 0.5 mL guaiacol, 1
ml phosphate buffer, 0.5 ml H202, 0.1 mL enzyme
extract, and 0.9 ml water and the absorbance was
examined at 470 nm.

STATISTICAL ANALYSIS

Statistical analysis was checked through the mean
values of replicates using SPSS version 20.0 statistical
software (SPSS, SAS Institute, USA) followed by one-
way ANOVA. Homogeneity of variances and normality
were performed by applying Least Significant
Difference (LSD) Test. Differences between treatments
were determined by LSD Test. All statistical tests were
performed with a significance level of 1% (P < 0.01).
RESULTS AND DISCUSSION

Evaluation of antifungal activity of Paecilomyces

DOI: 10.33866/phytopathol.033.01.0673

lilacinus and Trichoderma harzianum against
Alternaria solani in laboratory condition: The data
in Table 1 showed a significant decrease in the radial
growth of the pathogen after in vitro
solani (pathogen) and P.

mycelial
interaction between A.
lilacinus and T. harzianum (antagonists) at different
concentrations of conidia filtrate (P < 0.01). Laboratory
examination demonstrated that the two antagonistic
have an antifungal activity at 30% conidia/mL which
varied from 46.74% (P. lilacinus) to 50.69% (T.
harzianum) (Table 1).

Fontenelle et al (2011) and El-Debaiky (2018)
indicated that the existence of several BCA’s (e.g.;
Trichoderma spp. and Paecilomyces spp.) against A.
solani is able to demonstrate higher inhibition of
conidial production of up to 90% under laboratory
condition. In the same sense, Chohan et al. (2015) and
Olivia-Devi et al (2017) observed that the mycelial
growth of A. solani (above 90%) was dramatically
lowered in the presence of Trichoderma species (T.
harzianum, T. hamatum and T. viride) when used at
higher concentration. Furthermore, Varma et al. (2008)
pointed out the toxicity of Trichoderma spp. against A.
solani. The possible mechanisms projected to clarify
the antagonism were the
antibiosis (progression, penetration, sporulation and
colonization) (Benitez et al, 2004; Rhouma et al,
2018).

competition and the

Table 1. Effect of direct confrontation of Paecilomyces lilacinus and Trichoderma harzianum on mycelial growth

inhibition of Alternaria solani.

Concentrations of conidia filtrate (% of conidia/ml)

Fungal antagonists 10 20 30 Mean L.S.Do.o1

Paecilomyces lilacinus 13.11 31.86 46.74 30.57 <0.01

Trichoderma harzianum 20.45 26.96 50.69 32.70 <0.01

Mean 16.78 29.41 48.72 Nd Nd
Concentrations: 3.72

L.S.Do.o1

Interactions: 4.80

Data are the average of five replicates (with ten Petri dishes per replicate).

Nd: not determined.
Evaluation of antifungal activity of Paecilomyces

lilacinus and Trichoderma harzianum against
Alternaria solani in greenhouse condition: Statistical
analysis revealed a significant differences between the
treatments for all parameters (P < 0.01) (Table 2).

The antagonist application reduced the DSI and the
values were ranged between 28.08% (T. harzianum) and
31.61% (P. lilacinus) (Table 2).

The efficiency of the two fungal antagonists on the
development parameters was also studied. Both P.
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lilacinus and T. harzianum improved the weights of fresh
(27.01% and 34.45%, respectively) and dry (3.31% and
5.90%, respectively) above ground (stem + leaves) of
eggplant inoculated by A. solani (Table 2).

The peroxidase (POX) activity showed that P. lilacinus
(4.84 units/g/mL/min) and T. harzianum (3.88
units/g/mL/min) exhibited a greater activity than
controls (positive control = 1.95 units/g/mL/min;
negative control = 1.68 units/g/mL/min) when plants
were inoculated with A. solani (Table 2).
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Table 2. Effect of preventive treatments of two fungal antagonists (Paecilomyces lilacinus and Trichoderma harzianum)
on the disease severity index (DSI), fresh (FWA) and dry (DWA) weights of above ground (stem + leaves)
portions and peroxidase (POX) activity in the eggplant leaves inoculated with Alternaria solani after 7 days
of pathogen inoculation in experimental greenhouse.

Treatments DSI (%) FWA (g) DWA (g) POX activity (units/g/ml/min)
Paecilomyces lilacinus 31.61 27.01 3.31 4.84

Trichoderma harzianum 28.08 34.45 5.90 3.88

Positive control 66.86 18.73 297 1.95

Negative control 0 40.10 6.09 1.68

L.S.Do.o1 <0.01 <0.01 <0.01 <0.01

Data are the average of 20 eggplant plants per treatment and per replicate (3 replicate).
DSI: Disease severity index; FWA: Fresh weight of above ground (stem + leaves) portions; DWA: Dry weight of above

ground (stem + leaves) portions; POX: Peroxidase.
Present results are in analogy with Selim (2015),

Adhikari et al. (2017), Roy et al. (2019) and Viriyasuthee
et al. (2019) showing the specific effect of Paecilomyces
spp- and T. harzianum against Alternaria spp. under
greenhouse and field conditions. These authors
documented that plant treated preventively with those
antagonistic depicted the lowest disease severity index.
Viriyasuthee et al (2019) and Moreno-Gavira et al
(2020) pointed out that the direct interaction between
antagonists (Paecilomyces spp. and Trichoderma spp.)
and A. solani increased the dry and the fresh weights of
above ground portions, which supports our results.
Hibar et al. (2005) and Rhouma et al. (2018) revealed
that the use of BCA’s as plant growth stimulators,
because of its production of hormones of growth and
improved the transfer of minerals nutrition.

Foliar treatment with BCA’s enhanced the resistance of
plants to many phytopathogens and improved the
peroxidase activity (Deborah et al, 2001). Alfiky and
Weisskopf (2021) observed that foliar treatment of
plants with Paecilomyces spp. and Trichoderma spp.
against Alternaria spp. improved the plant resistance.
Analog results were obtained with T. harzianum against
Meloidogyne javanica (Sharon et al, 2001). Magesh and
Ahiladevi (2017), (2017)
revealed that foliar treatment with antagonistic fungi
against Alternaria spp. increased the catalase and
peroxidase activities and that this increase could be
related to lignification.

CONCLUSION

Foliar treatment of eggplant with spore suspensions of T.
harzianum lowered the severity of early blight disease
caused by A. solani and promoted the fresh and dry
weights of above ground (stem + leaves) portions. Based
on our results, we can conclude that T. harzianum could

and Nifio-Medina et al

be recommended for biological control use.

174

ACKNOWLEDGMENT
The authors are grateful to the review editor and the
anonymous reviewers for their helpful comments and
suggestions to improve the clarity of the research paper.
Dr. Abdulnabi Abbdul Ameer Matrood and Dr. Abdelhak
Rhouma equally to this
contributed equally as first authors of this manuscript.
COMPETING INTERESTS
The authors declare that they have no conflict of
interest. This article does not contain any studies with
human participants or animals performed by any of the
authors. Informed consent was obtained from all
individual participants included in the study. All authors
have approved the manuscript for submission.

REFERENCES

Adhikari, P, Y. Oh and D. R. Panthee. 2017. Current
status of early blight resistance in tomato: An
update. International
Sciences, 18: 1-22.

Alfiky, A. and L. Weisskopf.
Trichoderma-plant-pathogen
better development of biocontrol applications.
Journal of Fungi, 7: 1-18.

Benitez, T., A. M. Rincon, M. C. Limon and A. C. Codon.
2004. Biocontrol mechanism of Trichoderma
strains. International Microbiology. 7: 249-260.

Chohan, S., R. Perveen, M. Anees, M. Azeem and M. Abid.
2019. Estimation of secondary metabolites of
indigenous medicinal plant extracts and their in

contributed work and

Journal of Molecular

2021.
interactions for

Deciphering

vitro and in vivo efficacy against tomato early
blight disease in Pakistan. Journal of Plant
Diseases and Protection, 126: 553-563.

Chohan, S., R. Perveen, M. A. Mehmood, S. Naz and N.
Akram. 2015. Morpho-physiological studies,
management and screening of tomato germplasm
against Alternaria solani, the causal agent of


http://dx.doi.org/10.33866/phytopathol.033.01.0673

Pak. J. Phytopathol., Vol. 33 (01) 2021.171-176

tomato early blight. International Journal of
Agriculture and Biology, 17: 112-118.

Deborah, S. D., A. Palaniswami, P. Vidhyasekaran and R.
Velazhahan. 2001. Time course study of the
induction of defense enzymes, phenolics and
lignin in rice in response to infection by pathogen
and non-pathogen. Journal of Plant Diseases and
Protection, 108: 204-216.

El-Debaiky, S. A. E. K. 2018. Effect of the new antagonist;
Aspergillus piperis on germination and growth of
tomato plant and early blight incidence caused by
Alternaria solani. Merit Research Journal of
Agricultural Science and Soil Science, 6: 41-49.

El-Tanany, M. M., M. A. Hafez, G. A. Ahmed and M. H. Abd
El-Mageed. 2018. Efficiency of biotic and abiotic
inducers for controlling tomato early blight
disease. Middle East Journal of Agriculture
Research, 7: 650-670.

Esh, A. M. H, M. M. M. Atia, M. R. A. Tohamy and S.
Taghian. 2011. Systemic resistance in sugar beet
eliciated by non-pathogenic, phyllosphere-
colonizing Bacillus pumilus and B. subtilus against
the pathogen Cercospora beticola sacc. Journal of
Plant Protection and Pathology, 2: 67-83.

Fontenelle, A. D. B,, S. D. Guzzo, C. M. M. Lucon and R.
Harakava. 2011. Growth promotion and induction
of resistance in tomato plant against Xanthomonas
euvesicatoria  and  Alternaria  solani by
Trichoderma spp. Crop Protection, 30: 1492-1500.

Hibar, K., M. Daami-Remadi, H. Khiareddine and M. El-
Mahjoub. 2005. Effet inhibiteur in vitro et in vivo
du Trichoderma harzianum sur Fusarium
oxysporum f. sp. radicis-lycopersici. Biotechnologie,
Agronomie, Société et Environnement, 9: 163-171.

Iram, W, T. Anjum, R. Jabeen and M. Abbas. 2018.
Isolation of stored maize mycoflora, identification
of aflatoxigenic fungi and its inhibition using
medicinal plant extracts. International Journal of
Agriculture and Biology, 20: 2149-2160.

Jindo, K., A. Evenhuis, C. Kempenaar, C. Pombo-Sudré, X.
Zhan, M. Goitom-Teklua and G. Kessel. 2021.
Review: Holistic pest management against early
blight disease towards sustainable agriculture.
Pest Management Science, 1-10.

Magesh, M. and P. Ahiladevi. 2017. Management of leaf
blight through induction of defense enzyme in
tomato. Plant Archives, 17: 935-940.

175

DOI: 10.33866/phytopathol.033.01.0673

Matrood, A. A. A, M. I. Khrieba and O. G. Okon. 2020.
Synergistic Interaction of Glomus mosseae T. and
Trichoderma harzianum R. in the Induction of
Systemic Resistance of Cucumis sativus L. to
Alternaria alternata (Fr.) K. Plant Science Today,
7:1-8.

Matrood, A. A. A, C. A. Ramirez Valdespino, M. A. Al-
Waeli, M. 1. Khrieba and A. Rhouma. 2021.
Pathogenicity and chemical control of Alternaria
sp. on date palm (Phoenix dactylifera 1.). Plant
Science Today, 8: 386-391.

Matrood, A. A. A. and A. Rhouma. 2021. Penicillium and
Aspergillus species characterization: Adaptation
to environmental factors and sensitivity to
aqueous medicinal plants extracts. Review of
Plant Studies, 8(1): 1-11.

Moreno-Gavira, A. V. Huertas, F. Didnez, B. Sanchez-
Montesinos and M. Santos. 2020. Paecilomyces
and its importance in the biological control of
agricultural pests and diseases. Plants, 9: 1-28.

Nifio-Medina, G., V. Urias-Orona, M. D. Muy-Rangel and ].
B. Heredia. 2017. Structure and content of
phenolics in eggplant (Solanum melongena) a
review. South African Journal of Botany, 111: 161-
169.

Olivia-Devi, N., N. I. Singh, R. K. T. Devi and W. T. Chanu.
2017. In vitro evaluation of Alternaria solani (Ellis
and Mart.) Jones and grout causing fruit rot of
tomato by plant extracts and bio-control agents.
International Journal of Current Microbiology and
Applied Sciences, 6: 652-661.

Rhouma, A, I. B. Salem, N. B. M. Hamdi and J. I. R. G.
Gomez. 2016. Efficacy of two fungicides for the
management of Phytophthora infestans on potato
through different applications methods adopted in
controlled conditions. International Journal of
Applied and Pure Science and Agriculture, 2: 39-
45.

Rhouma, A, I. B. Salem, M. M. Hamdi and N. B. Hamdi.
2018. Antagonistic potential of certain soilborne
fungal bioagents against Monosporascus root rot
and vine decline of watermelon and promotion of
its growth. Novel Research in Microbiology
Journal, 2: 85-100.

Rhouma, A, 1. Mougou and H. Rhouma. 2020.
Determining the pressures on and risks to the
natural and human resources in the Chott Sidi
Abdel Salam oasis, southeastern Tunisia. Euro-


http://dx.doi.org/10.33866/phytopathol.033.01.0673

Pak. J. Phytopathol., Vol. 33 (01) 2021.171-176

Mediterranean Environmental
Integration, 5: 37.

Roy, C. K, N. Akter, M. K. 1. Sarkar, M. Uddin Pk, N.
Begum, E. A. Zenat and M. A. A. Jahan. 2019.

Control of early blight of tomato caused by

Journal for

Alternaria solani and screening of tomato varieties
against the pathogen. The Open Microbiology
Journal, 13: 41-50.

Salih, Y. A. and R. J. Abdul Ridha. 2019. A study of
eggplant leaf spot disease in greenhouses at Basra
Province. Basrah Journal of Agricultural Sciences,
32:1-14.

Selim, M. E. 2015. Effectiveness of Trichoderma biotic
applications in regulating the related defense
genes affecting tomato early blight disease.
Journal of Plant Pathology & Microbiology. 6: 6-10.

Sharon, E., M. Bar-Eyal, I. Chet, A. Herrera-Estrella, O.
Kleifeld and Y. Spiegel. 2001. Biological control of

DOI: 10.33866/phytopathol.033.01.0673

root-knot nematode Meloidogyne javanica by
Trichoderma harzianum. Phytopathology, 7: 687-
693.

Varma, P. K, S. K. Gandhiand and S. Surender. 2008.
Biological control of Alternaria solani, the causal
agent of early blight of tomato. Journal of
Biological Control, 22: 67-72.

Velazhahan, R. and P. Vidhyasekaran. 1994. Role of
phenolic compounds, peroxidase and polyphenol-
oxidase in resistance of groundnut to rust. Acta
Phytopathologica et Entomologica Hungarica, 29:
23-29.

Viriyasuthee, W,, S. Jogloy, W. Saksirirat, S. Saepaisan,
M. L. Gleason and R. Shyang-Chen. 2019.
Biological control of Alternaria leaf spot caused
by Alternaria spp. in Jerusalem artichoke
(Helianthus tuberosus L.) under two fertilization
regimes. Plants, 8: 1-15.

Contribution of Authors:
Abdulnabi A. A. Matrood

Planning and designing experiments, implementation of experiments, contributed in

writing, editing and reviewing manuscript

Abdelhak Rhouma

Planning and designing experiments, implementation of experiments, contributed in

writing, editing and reviewing manuscript

176



http://dx.doi.org/10.33866/phytopathol.033.01.0673
https://www.researchgate.net/publication/352870451

