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v’ Position: Senior Researcher of Phytopathology ﬁxbﬁ“ﬂ_ﬂ_
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v" Location: Regional Centre of Agricultural Research of Sidi | =y
Bouzid, Tunisia (CRRA-Tunisia) ! ﬁ

CRRA
R v' Main research interests
1. Phytosanitary diagnosis of fungal disease infecting strategic
agricultural crops;

2 2 . I : ORCID : 0000-0002-3587-4790
. Interaction plant-soil-microoganisms;

3. Microbiological control using fungi and bacteria against Researcher ID : T-3541-2017
phytopathogenic fungi;

4. Impact of regenerative agriculture practice to improve plant
resilience towards biotic stress;

5. Impact of climate change on soil microorganisms.

v" Work Tasks

-Research and disseminate research activities on scientific papers, workshop,
seminars

-Supervising students in plant pathology studies

-Teaching and Training for professionals, farmers and students

-Fungal diseases prospections and farmers consulting

v’ Current Records (2022)
36 publication 5 book chapters 31 International communications
19 supervision 3 Partnership agreement Project Membership (8)
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ﬁllissions: Research;

@eated in 2009

3  governorates:  Sidi improving production
Bouzid, Kasserine, technics and technology
Kairouan transfer; Networking

(Partnership with socio-
economic organisms and

4 laboratories: Agronomy,
Plant Pathology, Animal

Production and Water Universities around);
management and Training  sessions  and
Experimental station (36 hosting students /

ha) /

Animal Production Conservation and management
of natural resources

Plant Protection

National and International funding g
Good Publication Record N
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Regenerative agricultural approaches
to improve ecosystem services in
Mediterranean vineyards

0. Impact of regenerative methods on pathogens and

beneficial microorganisms under Climate change context

Sustainable innovations for Regenerative
Agriculture in the Mediterranean area

0.1-The use of microbial biostimulants to enhance
plant resilience towards biotic and abiotic stress

0. 2-The impact of using microbial consortia associated

with some regenerative approaches
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REVINE is an innovation project of the Partnership for research and innovation in the Mediterranean Area (PRIMA) program, which
aims to mitigate the effects of climate change in the Mediterranean, showing that the application of regenerative agriculture is
capable of preserving water resources and soil fertility, controlling erosion, and creating physicochemical soil conditions that

increase the presence of beneficial microcorganisms.
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\ Sustainable Innovations
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Coordination: Communication & dissemination:
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Roles in REVINE and SIRAM

Effect of Protocols on Pilot

farm/s
-Effect on agronomic traits

(physiological, biochemical and
phenological Analysis

-Effect on abiotic stress (water
deficiency)

-Effect on biotic stress (microbial
diversity) and the fauna dynamic

Beneficial microorganism
Selection

- Field Survey and Prospection

- Pathogenic Fungi Isolation and
Identification

- Isolation and Identification of
Beneficial Fungi

- Selection for PGP traits

Impact of Climate

Application of change
Regenerative Approaches Microbial _ diversity
entomopathogenic fungi, AMF,
Select and apply 4 protocols
. . . - PGPB
(bio-stimulants, bio-fertilizers, . .
. . -Pathogens and diseases (insects,
amendment, microbial . .
. foliar and trunk fungi) .
consortia, cover crop,

-Field assessment on field

resistant/tolerant genotypes
/ & ypes) grapes/Olive/Tomato and Potato

under field conditions
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Climate change, defined by the United Nations Framework Convention on Climate Change as “a

change of climate which is attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to natural climate variability

" observed over comparable time periods”
Create environmental pressures that result in new diseases caused by fungi

l Emergence- _L'» Diversity-

Environmental disruptions due to climate change such Climate change «can increase the
as floods, storms, and hurricanes can disperse and geographic range of pathogenic species or
aerosolize fungi or implant them via traumatic wounds, their vectors, leading to the emergence of
resulting in infections by previously very rare or diseases in areas where they have not
unknown fungal species. previously been reported

-

== with consequences for health, biodiversity, and food security
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- " The main goal is to devise a practical effective eco-friendly strategy for the integrated use of bio-

control agents (BCAs) for the safe crop production.
J

!

Finding new microorganisms that can sustainably support plant development, nutrition,
fitness, disease control, and productivity in dynamic and stressful environments therefore
depends on developing strategies to manage phytomicrobiomes

& X N scricuture Q

Plant-associated fungi harbor enormous potential to provide economical and sustainable solutions

\ to current agricultural challenges.
J

v ¥ v

1. Biofertilization 2. Biostimulation 3. Biocontrol

Plants require Many plant-associated fungi Engineered fungi might be
macronutrients such as can synthesize plant useful to diagnose plant
nitrogen (N) and phosphorus hormones such as auxin, physiological changes caused
(P). In nature, plants source  ethylene, and cytokinins that by biotic stresses and to
N from ammonia produced have crucial multifaceted roles deliver desired traits

by nitrogen-fixing fungi in plants
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GOOD HEALTH
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Bio-pesticides

Exploring Soil biodiversity
microorganisms
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Applied studies on beneficial fungi in
sustainable agriculture

@ 1. Effect of Verticillium leptobactrum and Purpureocillum lilacinum to control
Root-knot and Potato cyst nematodes and growth —promoting Potato

@ 2. Fungal diversity associated with tomato wilt disease complex in Tunisia

@ 3. The use of Phytomicrobiome (fungi) in controlling wilt disease complex
(Meloidogyne javanica and Fusarium f.sp. lycopersici) on tomato crop

@ 4. Beneficial fungi against early blight and grey mold disease of tomato

Q 5. Screening and application of Beneficial fungi in Tunisian vineyards
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1. Effect of Verticillium leptobactrum and Purpureocillum

St;udx 1

growth —promoting Potato

lilacinum to control Root-knot and Potato cyst nematodes and

Evaluation of biocontrol potential of indigenous strains of V. leptobactrum and P. lilacinum in individual and

combined with M. javanica et G. pallida (PCN) and their effect on potato growth

Soil application of each isolate of P. lilacinum and V. leptobactrum reduced
significantly PCN development on root and soil.

Application of two fungi increased potato growth (agronomic traits) and
yield and reduced the combined infection by both nematodes

Am. 1 Petsto Res. (2017) %4:178-183
DOI10.100751 223001695540

v

SHORT COMMUNICATION

Biocontrol Potential of Verticillium leptobactrum
and Purpureocillium lilacinum Against Meloidogyne javanica
and Globodera pallida on Potato (Selanum tuberosum)

Lobna Hajji' - Wassila Hisoua' - Hajer Regaieg ' - Najet Horrigue-Raouani'

Published online: 23 December 2016
) The Potto Association of America 2016

Abstract Pot experiment was conducted in a greenhouse to
assess the biocontrol potential of Pur i Hilacimum

(P 0.05) en el testigo no tratado que en plantas que buvieron
oo et o :

and Verticillium leptobactrum against single or concomitant
infosttions of Meloidogyne favanica sod Globodera pallida
n potaw v Spunts. The incomoration of each fungus done
into the soil significantly increased the growth parameters.
Fresh weight of shoots, roots and tubers were lawer
(P =0.05) in the untreated contml than in plnts treated with
huving the ahove-mentioned fimgi reatments. Control efficacy
achieved by soil application of P, lilacinum was 73% md 6%
in terms of raotlg of mots and soil population/g of soil, respec-
tively and that of V! leptabactrum was 73% and S5% 117 days
afier inoculation. The resubs revealed also that the applicati

fiim gicos La eficacia en el con-
trol alcanzada mediante la aplicacion al suc de P filiacimm
fue de 73 y 76% en témminos de rafalg raiz y poblacién del
suelo /g de suelo, respectivamente, y la de : leptobactrum fue
de 73% y S5, a 117 diss despubs de la inoculacién. Los
resultados revelaron también que la aplicacion de
P lilacimum y V. lepoh disminuyé significat

el desarrallo del nemitodo de quiste de la papa en las raices en
un 76% y 83% y en el suelo fue de 61% y 66%,
respectivamente. La infeccién combinada por los dos
patégenos tuvo tambidn reduccién significativa mediante la

ion de V lepob or P _lilacinum en el suelo.

of P liacinum and V leptobactrum deocreased significantly the
development of polato cyst-nematodein roats by 76% and §3%
and in the soil by 1% nd 6% respectively. Combined infec-
tion by the two pathogens had also a significant reduction in
case by introducing V. lepobactrum or P filacimum in soil.

Resumen Se condujo un experimento en macetas en

invemadero para analizar el potencial de biocontml de

A dlium lilacinum y Verticilium kpob contra
simples o i de Meloi

Keywonds Solamum taberasum -Potabo cystnamatode -
Rootknot nematode - Antagonistc fngi

Introduction

Potato (Solanum tuberasum L.) is one of the mast impor-

tant in worldwi d in Tunisia (Fabeimo

Jjavanica y Globadera pallida ¢n papa var. Spunta, La
incorporacién de cada hongn individual en el suclo sumentd
igrificati los par de El
fresco de los tallos, raices y tubéreulos fue mis bajo

T Lobm Haji
elhsiilchres @yshoo fr

* Department of Biokgical sciences and Plant Protection, Higher
Agmnomic Institute of Chitt-Mariem, University of Sousie, 9042
Chot-Mariem, Sousse, Tunisia

£ Speinger

ctal, 2001; Gratum et al. 2001). Several species of plant.
parasitic nematodes have been found associated with pota-
to eropping systems worldwide, The potato eyst nematode
(PCN) Globadera pallida and the root-knot nematode
(RKN) (Melidogyne javanica) are the major pests, which
can cause a major yield losses (Hlaoua and Horrigue
Raouani 2007 Castillo et al. 2001). PCN induced losses
in Potato on Tunisian production arcas were estimated by
45% (B'Chir 1990). RKN species found associated to
Potato in Tunisia were M. javanica and M. incognita and
combined infection by Meloidogyne spp. and Globodera
spp. were revealed (Hlaoua 2011)
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Species

2. Fungal diversity associated with tomato wilt disease complex in Tunisia

during 3 years and screened for their Oomycota and fungl

diversity

Study the potential correlations between fungal diversity and

abiotic factors

31 fungal species and 17 genera

Fusarium oxysporum (11%

dominance

followed

Fusarium solani (6%)

Fungi Frequency

composition is dependent on environmental factors in
particular the temperature

Epicoccum
Alternaria
Cladosporium
Macrophomina
Paecilomyces

H Penicillium

M Aspergillus

B Phytophtora

H Pythium

m Verticillium

B Pochonia

W Lecanicillium

H Colletotrichum

Symbioss
hitps /o o/ 10.1007 /5131 98-01 90063 %-x

Fungal diversity in rhizosphere of root-knot nematode infected Chock or

tomatoes in Tunisia

Lobna Haji-Hedfi ' (3 - Naima MHamd#-Boughalleb' - Najet Horrigue-Raou ani '

Recaived: 10 October 2018 / Acceptad: 27 June 2019
0 Springer Natum BV, 2019

Abstract

This resarch explores the accurrence and diversity of fungi assaciated with root-knot nematades (Meloidogyme spp.)
infestations on tomato crops in bioclimatic zones of Tunisia. One hundred and thirty five tomato samples (mots and

soil) collected between 2011 to 2013 from tomato fields were screened for Qomyeeles and other fungi. A high level
of fungal diversity was fownd in the presence of Meloidogyne spp. A total of 31 fungal species belonging to 17
different genera were recovered from wots and soil samples collected in fields infested with root-knot nematode.
The most frequent fungal species associated with the nematode was Fusarium oxysporum (11%) followed by
Fusarium solani (6%). The species compasition was dependent on environmental conditions. Temperature scems
to be important as the rhizosphere microflora in the Kebili and Tozeur arcas with *saharien’ bioclimatic stages was
different from other localities. Our findings may be valmble for prodicting this disease complex.

Keywords Diversity - Fungal communities - Root knot nematodes - Tomato - Environment

1Introduction

Root-knot nematodes, Meloidogyne spp., are among the
most harmful pests of cultivated craps worldwide and
control is difficult (Koenning ct al. 2004; Sharma
et al. 2008). Yield losses caused by plant-parasitic nem-
atodes on tomalo crop are between 28 and 70%
(Ibmhim et al. 2000). Meloidogme species cause major
production losses on tomato (Ebrahim et al. 2015).
The Meloidogyme spp., are sedentary endoparasitic mot-
feeding nematodes. The infectious juveniles (12), migrate
through the soil ener the host root near the tip, and establish
feeding sites near the vascular system. The root damage re-
selicd o th ookt et infesition is o -
ciateda izaion by path-
cpnwuhmﬁpmlmmmmm(m 2000). Root-knot
nematodes mteract with the hizaspheric mycoflora and can
cause & root decay complex in association with other micro-
onganisms (Davies 2005). The resultant plant discases, are

often caused by mullispecies synergistic interactions
(Lamichhane and Venturi 2015). Discase complexcs, can
cause even greater damage to the host plant than a single
pathogen or parasite (Haji et al. 2016a)

On the other hand. antagomistic interactions between
nematode and some hizospheric micmorganisms can
provide a plant defense against soil-borne plant patho-
g and plﬂshﬁ including Meloidogyme spp. Such

may provide pl
cantrol (k'.m'y 2000; Hallmann et al. 2009)

The thizasphere is a zone charcterized for the first me by
Hiltner (1904) that involves a complex of biological and eco-
logical processes (Lynch 1990; Brimecombe etal. 2001; Bais
etal. 2006). Micmarganisms in plnt rhizophere, especially
fungi, play an impartant mle in plint ecology, Fungi colonize
all matrices and they contribute to maintaining equilibrium in
the ecosystem (Anastasi ot al. 2000, 2013; Vofitkovd and
Baldrisn 2013). Studics on fangal diversity are needed to un-
derstand the functional role of g in the thizasphere (Chen
etal. 2017)

Tha rmcant sk aimad o acenceing 1) rank_bnnk mama




3. The use of Phytomicrobiome (fungi) in controlling wilt disease complex (Meloidogyne javanica and

Study 3 Fusarium f.sp. lycopersici) on tomato crop
Screening of potential antagonistic of indigenous fungi ' ‘
L Observation or parasitism by scanning electron microscopy (SEM) - "

$—

e Fol-

e
TP:M/ : P N
~= == N5

ﬂ Paecilomyces, Lecanicillium, Penicillium, Pochonia and Trichoderma showed intersting nematicide

UBiological control of Wilt disease complex

acitivity; 3 Trichoderma isolates and Penicillium: fungicide potential

Trichoderma reduced wilt disease incidence in particular T. longibrachiatum.




SEM observations of nematicide effect

Lecanicillium

Immobilization
of larvae /eggs

VD HV vac mode 50 um
mm 25.00 kV|High vacuum Vert-J2-10

Degradation of
nematode
cuticle

Germination
and
reproduction
inside
nematode

WD HV | vac mode : 50 um - 11/ 5 | det |spo __Hv  vacmode 50 um
8.7 mm 25.00 kV High vacuum Tri2-W-02 0:5 AM ETD 3.7 n 25.00 kV High vacuum TR1-W-04

Micrographes by (SEM) of eggs and juveniles

parasitized by Lecanicillium and 2 Trichoderma

species



Transformation
of hyphes into
cords

Coiling of

SEM observations of fungicide effect

Environ Sei Pollut Res
DO 10113 56-617-4033.6

@) s

ENVIRONMENTAL SUSTAINABILITY AND POLLUTION PREVENTION

Biological control of wilt disease complex on tomato crop
caused by Meloidogyne javanica and Fusarium oxysporum f.sp.
Iycopersici by Verticillium leptobactrum

Lobna Hajji
Najet Horrigue-Raou

Received: 6 Jsnusry 2017 / Accepted: 14 September 2017
) Springer-Verlag CimbH Clermany 2017

Abstract The efficacy of Werticillium leptobactrum isolate
(HR1) was cvalusted in the contml of root-knot nematode
and Fusariun wilt fangus under laboratory and greenhouse
itions. Fi ions of V. lepii HRI ) iso-
late were tested for their icidal and fangici tiviti
against Meloidagyne javanica and Fisarfum oxysporum fsp.
Beapersici in vitm, Laboratory trials showed that mycelium
growth inhibition of Fusarium wilt fungus was correlated to
the ingrease of the concentration of culture filtrate. All dilu-
tions showed officiency in reducing the growth of Fusarium

iHledfi’ - Hajer Regaieg' - Asma Larayedh’ - Noura Chitani’ -
ani

with soil application of V! leptobactrum as with chemical treat-
ments. The isolar: HRI was cfficient to control wilt discase
complex cansed by M. javanica and Fusarium axysporum
£sp. Ircaperuic.

v Verticillium um
Rootknot nematode - Fusarium wilt Amgus - Tomato

axysporam £sp. lcopersic. The greatest activity
wars observed at 50, 75, and 100% filtrate dilutions. The egg
hatching percentagereached 42%, and the juvenile’s cormrected
mortality registered 905 for the above treatments. In green-
house experiment, the biocontrol agent fungus enhanced sig-
nificantly tomato growth components (height and weight of
plant and mot). The multiplication rate of root-kn

and the Fusarium wilt disease incidence declined significantly

Respomsible editor: Philippe Garrigues.

The rootdmot nematodes (Meloidogyne spp.) ar one of the
major biotic constraints facing vegetables crops distributed
worldwide and could infect more than 2000 plant species
(Park et al 2014). Tomato {Lycopersicon esculentun Mill)
is an important vegetable orop worldwide and in Tunisia
(Causse ot al 2003; FAQ 2003). The Meoidsgyne spp. infec-
tion cause severs damage on both tomato yield and quality
(Horrigue-R aouani 2003; Netscher and Sikora 1990; Moens

et al. 2009) and lead to secondary attack by mot patho
fungi such as Fusarium axpsporm (Taylor 1990). The simul-
tmeous infection by mot-knot nematode and Fusarium wilt
(Fusarium oxysparum £sp. hropersici) results in greater and

a , - T Lobna Hajji-Hedf
40 pm / vac mode 3 elhajil obra @y shoo fr
Tri1-Fol-02 27 D 4.2 2 mm 25.00 kV High vacuum 7

pathogen
mycelium

Article

Comparative Effectiveness of Filamentous Fungi in Biocontrol
of Meloidogyne javanica and Activated Defense Mechanisms
on Tomato

Emergence of
Trl conidie

from FOL

mycelium

Lobna Hajji-Hedfi **, Wassila Hlaoua ?, Awatif A. Al-Judaibi 3, Abdelhak Rhouma (), Najet Horrigue-Raouani *
and Ahmed M. Abdel-Azeem **

1 Regional Centre for Agricultural Research of Sidi Bouzid, CRRA, B.P. 357 Gafsa Road Km 6 Sidi Bouzid,
Sidi Bouzid 9100, Tunisia

Higher Agronomic Institute of Chott-Mariem 4042, Sousse University, Sousse 4000, Tunisia

Department of Biology, Faculty of Science, University of Jeddah, Jeddah 23218, Saudi Arabia

Department of Botany and Microbiology, Faculty of Science, University of Suez Canal, Ismailia 41522, Egypt
Correspondence: elhajjilobna@yahoo.fr (L.H.-H.); ahmed_abdelazeem@science.suez.edueg (AM.A-A);
Tel: +20-1006344462 (AM.A-A)

Abstract: The nematicidal potential of five filamentous fungi as biological control agents (BCAs) against

the root-knot nematode (RKN), Melvidogyne javanica, infecting tomato was assessed in vitro and in

pot experiments. The five promising native taxa, namely Trichoderma longibrachiatum, T. harzainum,

T. asperellum, Lecanicillium spp., and Metacordyceps chlamydosporia, were selected to compare their ef-

. . g fectiveness against both chemical (Mocap, 10% ethoprophos) and biological (abamectin) nematicides
Micrograp hies b y ( SE |\/|) of FOL parasitiz ed b y o L. ecich reproduction indices and pla grovethparameters. The amulation o defrce meclr
anisms was assessed by monitoring changes in the enzymatic activities of the polyphenol oxidase

(PPO), peroxidase (POD), ascorbate peroxidase (APX), catalase (CAT), lipid peroxidation (MDA),
phenols, and proteins content of tomato roots. The laboratory assays revealed that T. longibrachiatum,
M. chlamydoporia, and Lecanicillium spp. seemed to be the most effective under laboratory condi-

- Trichoderma longibrachiatum

updates tions, with more than 60% of juvenile mortality. The egg infection rate was above 62%, and the egg
Citation: Hajji-Hedfi, L.; Hlaoua, W. hatching rate was below 32%. The direct parasitism by the five taxa was confirmed by scanning
AlJudaibi, A.A ; Rhouma, A ; electron microscope observation. The results of this study found a similar parasitism mechanism for
Horrigue-Raouani, N.; T. longibrachiatum, T. harzianum, and M. chlamydosporia, where their hyphae and spores adhered to

Abdel-Azeem, A.M. Comparative the M. javanica juveniles cuticle layer and formed trapping rings around them. The pot experiment



studya 4. Beneficial fungi against grey mold disease of tomato

/

= 1. Antifungal activities of BCFs against
B. cinerea

2. Biochemical caracterization of soil

microorganisms Botrytis cinerea
3. Potential of plant defense mechanism

stimulation

(SDP)

4. Effect on tomato growth and quality
criteria

Light brown spots on the leaves

A whitish to light brown canker on the stem |

A greyish down on the fruits




Biochemical characterization (PGP)

In vivo tests




In vitro tests

Antifungal activity [ Direct method ]

Trichoderma viride: 79.6%

{ Indirect method (VOC) } Culture filtrate

e

Fungus growth spore germination




ﬂ In vivo tests

Promoting plant growth
Reduction disease incidence (DlI)

.

Reduction of grey mold rate on fruit >

Total protein Total phenolic

Treatments MDA (pmol/g)

content (mg/g) content (ug/g)

3.32+0.004a 19.46+0.02b 0.91+0.009b

2.73%0.006b 12.71+0.007b 0.7+0.003c

II\

TR1
TR2

TR3 2.32+0.006¢ 31.24+0.02ab 0.78+0.01c

2.11+0.007cd 50.85+0.1a 0.74+0.003c

1.86+0.01d 15.5+0.02b 0.59+0.01d

2.04+0.02cd 14.88+0.05b 1.04+0.01a
<0.01 <0.01 <0.01

-
<
-+

T™-
Pvalue |



5. Screening and application of Beneficial fungi in Tunisian vineyards
Study 5

Ea .
D 4

\/@ Soil fungal diversity of vigneyards on The Centre of Tunisia . E !
v,
/

Correleation Soil physio-chemical proprieties-microbial biodiversity

Isolation
Soil parameter method Identification
soil texture Sedimentation analysis (e.g. pipette method, hydrometer)
pH Potentiometric determination in H20 and in KCI / CaCl2 Diversity Analysis
SOC Wet oxidation (potassium dichromate) - Walkley and Black
total N Kjeldahl
available P Olsen (Na bicarbonate 0.5 M, pH 8.5)
exchangeable K Ba chloride, pH 8.1 Correlation (CPA)
CEC Ba chloride, pH 8.1
EC Electrical resistance of a 1:2 soil:water suspension
water-stable aggregates Elliot et al., 1986
bulk density Cylindrical Core Method

Selection of fungi with PGP traits
and antifungal activity i

Field application on pilot
parcel



Protease activity

Azote fixation

Phopshate
solubilisation

Production of
HCN antibiotic

Antifungal activity




These studies are interesting for improving plant health and
productivity and give new insight and significant consequences in
agriculture in global.

The crop management and sustainability could be assessed by Knowledge
of the interactions within a phytobiome.

p
Understand plant-fungi interaction at molecular

and genomic level

r

\ | ‘* Discover new isolates; Fungi Kingdom richness

of fungi with high interest to sustainable

q agriculture
d 5 )




Thank You for your attention
ANY QUESTIONS?

You can find me at
elhajjilobna@yahoo.fr




