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Population dynamics: World population increase

More people to feed

Produce more: Increase in cultivated agricultural areas

Intervention in their management

Phytosanitary issues

Identification of causative agents

biological Study of these pathogens

Introduction
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Insects

Fungus

Virus

Bacteria

Decline of citrus plantations with typical symptoms of vascular necrosis and root rot

Citrus

> 336 million de Dh/year

Indicators 2003-2007 2021-2022

Area (ha) 84 000 135 000

Production (T) 1 300 000 2 600 0000

Export (T) 528 000 735 400

In Morocco

This sector: 25 million working days per year

Citrus fruits
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Dry Root Rot Symptomson Citrus trees

ÅYellowing of leaves starting from the midrib

ÅChlorosis

ÅPlant wilt

ÅFruits  remain attached

ÅBrowning at the roots and at the base of the 

trunk

Onset of symptoms: After the first warm spring temperatures (> 21°C)

Disease Symptoms
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Worldwide Distribution of DRR

Worldwide DistributionDisease
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Ubiquitous soil fungi responsible for various diseases affecting 

many economically important crops

Cultivated plants Ornamental plants Forest plants

Disease Pathogenicagents

Reign : Fungi

Family : Nectriaceae

Classe : Sordariomycetes

Genus:

Ordre : Hypocreales

Division : Ascomycota

Fusarium/ Neocosmospora

Fusariumsolani Neocosmosporasolani

Détection
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Conventional PCR

Amplification  of a specific region of a target 

nucleic acid in vitro,  using species-specific 

primers.

Real-time PCR (qPCR)

Å Several types of reactions for the detection and quantification of the 

fluorescent signal in real time

Å Non-specific methods (intercalating agents: SYBR Green)

Å Specific methods (hybridization  probes: TaqMan, fluorescent 

resonance energy transfer (FRET), molecular beacons, etc.)

Sequencing: Phylogenetic Characterization

1. Internal transcribed spacer(ITS);

2. Translation elongationfactor 1-alpha TEF-1Ŭ

3. The DNA-dependentRPB1 RNA polymeraseII subunit (RPB1);

4. The second largestRPB2 subunit;

5. Calmodulin fragments;

6. Intergenic rDNA spacerregion (IGS);

7. rDNA large subunit D1 to D3 domains;

8. ɓ-tubulin .

Seuil fixé au 

dessus du 

bruit de 

fond

Identification Molecular IdentificationDisease

8



DRR: Higher incidence under stressful conditions

Å Drought

Å   Asphyxia

Å Root injuries

Å Over fertilization

Å Grafting incompatibility

Å interaction with other pathogens 

(Phytophthora spp., T. semipenetrans)

Diseaseconditions Incidence and life cycle

Abiotic stresses

Biotic Stresses
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Know the pathogens involved in the disease and the factors of development

"Knowing them better makes it possible to fight better"

Working on the causes more than on the consequences

  Å Prevention rather than cure

  Å Anticipating rather than suffering

Bärtschiï2009

No effective fungicide treatment against DRR currently exists

Biological control

Cultivation practices

Chemical control

Control methods

Prophylaxis/sanitation practices are preventive measures that eliminate stress factors that 

predispose trees to attack by pathogens.

Use of active fungicidal molecules to control plant pathogens.

Use of biological agents to control plant pathogens and establish an eco-friendly 

ecosystem

Control strategies
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In -depth Literature review on dry rot of citrus roots
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Identification and characterization of causative agents of citrus dry rot in 

Morocco

Part 1: Identification and characterization of DRR causal agents in Morocco

1Part
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Part 1: Identification and characterization of species involved in DRR in Morocco (Methodology)

Isolation of fungi

Citrus root Citrus rhizosphere

Incubation Purification

Incubation et purification

Subculture

Incubation: in the dark at 25ÁC

7 days

Species of the genus Fusarium 

and Fusaruim-Like:

Identification morphologique

Á Size and arrangement of conidia, number of septa and 

their mode of formation

Á   Presence or absence of chlamydospores
2. 

Centrifugatio

n at 13000 

rpm for 5 min

DNA Extraction

Extraction buffer

1. Incubation

30 mins at 65°C

Polymerasechainreaction

Amplifying a target region
Genus and species specific primers

ITSuniversalprimers

Séquençage

Identification moléculaireMorphologicalidentification Molecularidentification
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Fusarium solani(FSSC) Fusarium oxysporum(FOSC)

Fusariumequiseti(FIESC) Fusariumbrachygibbosum(FSAMSC)

Genus specific primers Species specific primers

Morphological identification Molecular identification

Part 1: Identification and characterization of species involved in DRR in Morocco (Results)
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Impact of environmental factors on fungal species 
associated with citrus dry rot

2Part
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A clear understanding of the biology of the pathogen is 

essential for the development of control strategies

Environmentalfactors

A great impact on fungal growth

Abiotic factors
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Effet de la température

Cultivation of mushrooms: Petri dishes filled with 20 ml of 

PDA medium

Incubators: 5-40ÁC

Determination of radial growth rate (g, mm day-1)

y= ax + b

Daily measurement for 20 days

Effet de la temperature et du potentiel hydrique 

Culture medium amended with glycerol

-0.67 MPa (0.995 aw) / -15.54 MPa (0.89 aw)

10, 15, 20, 25 et 30 °C

modeling

Determination of radial growth rate (g, mm day-1)

1er modèle : L'équation de régression 
quadratique (Gibson et al. 1994) :

ὰὲὫ ὧὼ ὧὼ ὧ

ὼ ρ ὥ

avec

ὥ έὴὸρ
ὧ

ςὧ

ὫέὴὸὩὼὴὅ
ὅ

τὅ

2nd model: Quartic equation & response surface 
generated by DESIGN-EXPERT

Effect of temperature Effect of temperature and water potential

Mathematical and statistical validation of the 

performance of predictive models

Mean Squared Deviation (RMSE), Bias Factor

Accuracy Factor, Model F-Value, Regression 
Coefficient

Incubation :

Axis 2: Effects of environmental factors on mycelial growth (Methodology)
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Axis 2: Effects of environmental factors on mycelial growth (Results)

Effect of temperature

Effect of temperature and water potential

Coefficients, the optimal water potential (Ɋw (opt)) (aw) and radial growth rate prediction (µm 

(opt).

Modeling

Mathematical and statistical validation of the 

performance of predictive models

Cartes de surface de réponse générées par le 

logiciel design expert

Response surface maps generated by expert 

design software
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Evaluation of active fungicidal molecules with different modes of 

action against causative agents of DRR

3Partie 
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Sensitivity test: Incorporation of fungicides

PI= (a-b) /a X 100

Strobilurines (QoI)Benzimidazoles Triazoles(DMI) SDHI

Fluopyram

Penthiopyrad

Chemical control with systemic fungicides

Thiophanate

méthyle

TrifloxystrobineEpoxiconazole

and tetraconazole

Solution stock: 10 g/l Doses

ὅὼὠ ὅὼὠ

1, 10, 50, 100 ppm

After 7 days of incubation: Calculation of radial development of isolates

y = 0.3286x + 0.3909
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R²=0.9961

Active Model
Conf. interval (Mean 95%) Conf. interval (Obs. 95%)
Linear (Model)
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EC50

Summary of Fungicide EC50 Data for All Isolates

Distribution of EC50 values of the isolates tested

Part 3: Evaluation of active fungicidal molecules with different modes of action

Methodology Résultats



Forme of valuationResults
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Biological Control of Citrus Dry Root Rot

Part 4
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Direct 

mechanisms

ÅMicrobial Volatile Compounds (MVOC)

Å Diffusible non-volatile metabolites: such as

lipopeptides,antibiotics and lytic enzymes,mainly

cellulase,chitinase

Å Competition for shared trophic and/or 

spatial resources

Å Induction of resistance

Å Production of phytohormones

Å Nutrientsolubilization

Indirect 

mechanisms

Biological control: Use of biological agents to

  control plant pathogens and establish an eco-friendly ecosystem

Biological control agents (BCAs) use 

different modes of action to exert their effect

Biological Control of Citrus Dry Root Rot
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Cryoconservation (-

80°C)

Searchfor bacterial

antagonism

Valorization

Purification of  

Bacterial isolates

Serial dilutions for solid

sample

Conservation

Isolation

Citrus Rhizosphere:

× Gharb
× Taroudante

× Berkane

× Bni Mellal

× Taounate

Echantillon

Valorization

Molecularcharacterization

Application

Detection of genes responsible for the secretion of lipopeptides

Part 4: Biological control of dry rot of citrus roots (Methodology)

Biochemicalcharacterization
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Production of lytic enzymes

Fengycine Surfactine

Bacillomycine Iturine

In vivo antagonismEffet PGPR

Lipopeptide biosyntheticgenes

Biochemicalcharacterization

Application

Molecular identification

Molecular characterization

Recherche de lĴantagonisme bactÇrien 

Part 4 (Results) 

Searchfor bacterialantagonism
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Four species (belonging to four species complexes) are associated with dry  rot  of citrus in Morocco:

Fusarium brachygibbosum: Fusarium sambucinum species complex 

Fusarium solani (Neocosmospora solani) : Fusarium solani species complex

Fusarium oxysporum: Fusarium oxysporum species complex

Fusarium equiseti: Fusarium incarnatum-equiseti species complex

First report in world

First report in Morocco

Variability betweenisolatedstrains Ability to induce the diseaseMorphological and molecular characteristics

Environmental factors (temperature and water potential and their interaction):

Latencyphases

Radial growth rate

Significantly Effect

Growth temperature range: 10-35°C and maximum radial growth rates: 25-30°C

Fungal growth increased with water availability with Optimal water potential for growth: Ó -2.69 MPA (>0.98 aw)

Polynomial model: an accurate description of observed experimental data.

Conclusions
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Conclusions

The fungicide trifloxystrobin + fluopyram was the best for mycelial inhibition in vitro and provided better disease control 

under greenhouse conditions.

Study of sensitivity to active ingredients

The isolates tested show a wide range of sensitivity to the different fungicides evaluated with high variation factors between 

the least sensitive isolate and the most sensitive.

Have the genes responsible for the production of lipopeptides and bacteriocins Production of phytohormones

Bacillus subtilis K4-4 and GH3-8: Greater antifungal action against Fusarium species in in vivo tests.

Screening and identification of twenty bacterial isolates with significant antifungal activity against Fusarium spp.

These bacterial isolates have different modes of action.

Production of lytic enzymes Production of siderophores Phosphate solubilization
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Complementary studies on host-pathogen interaction and the study of plant defense mechanisms 

using molecular tools such as transcriptomics, metabolomics and genomics

Multigene identification of disease-associated agents

Future prospects 

2. 

4. 
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Role of biotic factors (Nematodes and Phytophthora spp.) in disease development3. 

Large-scalenational diseasesurveillance plans1. 

Evaluation of the varietal tolerance of the main rootstocks against the disease5. 

The development of biopesticides based on the selected antagonists or their combination with 

mycorrhizal fungi for use in field control programs.

6. 
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Emerging diseases might threaten citrus 

production in Morocco 


