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Citrus dry root rot: from detection to development

of control strategies
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(" Introduction

Population dynamics: World population increase World Populatlon

Projected world population until 2100
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Identification of causative agents
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biological Study of these pathogens

Intervention in their management



( Citrus )

VAL
In_Morocco
Indicators 20032007 20212022
~ | Area (ha) 84 000 135 000
Production (T) 1 300 000 1 2600 0000
| Export (T) 528 000 / 735400
]
This sector: 25 million working days per year > 336 million deDh/year
Insects
_ _ Virus
Citrus fruits
Bacteria
Fungus

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



Dry Root Rot Symptomson Citrus trees

A A Yellowing of leavesstarting from the midrib
A Chlorosis
A Plant wilt

A Fruits remain attached

O
A Browning at the roots and at the base of the §e

trunk

Onset of symptoms: After the first warm spring temperatures (> 23C)
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( Disease ) I Pathogenicagents.
VAL

Détection

Reign: Fungi

Division : Ascomycota

Classe :Sordariomycetes

Ordre : Hypocreales

Family : Nectriaceae

Genus: Fusariuny Neocosmospora
Fusariunmsolani ssssssp Neocosmosporaolani U

Ubiquitous soil fungi responsible for various diseases affecting
many economically important crops

Cultivated plants Ornamental plants Forest plants




( DISGaSG ) | Identification | I Molecular Identification
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Conventional PCR

Realtime PCR (gPCR)

Amplification of a specific region of a target A Severaltypesof reactions for the detectionand quantification of the
nucleic acid in vitro, using speciesspecific fluorescentsignalin real time
primers. A Non-specificmethods(intercalating agents SYBR Green)

A Specific methods (hybridization probes TagMan, fluorescent
resonanceenergytransfer (FRET), molecular beaconsetc.)

Denaturation [ Annealing: Flongation o, | Mt |
I . L e [ { A _1.0;' Copies Aprés amplification
B R R 2 A w e W
T Ny R
&8 bruitde ADN dautie brin
I ] il 0 Copies LS W
celore il Vil et 3 e o 5
R . 5
Sequencing: Phylogenetic Characterization “®P
1. Internal transcribed spacer(ITS); B
2. Translation elongationfactor 1-alpha TEF-1U R
3. The DNA-dependentRPB1 RNApolymerasell subunit (RPB1); 5 | K""
4. The secondargestRPB2 subunit; *\NW‘ﬂﬁ.ﬂﬁﬂi\ﬂwﬂ>')'MW\’\“!U’\/\/.M* -
5. Calmodulin fragments; - —
6. Intergenic rDNA spacerregion (IGS); —— x
7. rDNA large subunit D1 to D3domains |
8. b-tubulin. —




(' Diseaseconditions )

Incidence and life cycle
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Abiotic stresses

A Drought
A Asphyxia
A Root injuries

A Over fertilization

Biotic Stresses

A Grafting incompatibility

A interaction with other pathogens
(Phytophthoraspp., T. semipenetrank

DRR: Higher incidence under stressful conditions ‘
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Penetration of spores ;-H {H
Conidia form in
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mycelial conidiophores  § ) 0 0(
\_®F
ylenchu!us semipene ey . § Various spores
‘ stage in soll
)

ry Root Rot (Fusanum spp.) \
4/“‘”“

Chlamydospom
Conid =¥ ?M

T 9



( Control strategies)

No effective fungicide treatment against DRR currently exists

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

Working on the causes more than on the consequences
A Prevention rather than cure
A Anticipating rather than suffering

"Knowing them better makes it possible to fight better" Bartschii 2009

Control methods

Cultivation practices | Prophylaxis/sanitation practices are preventive measures that eliminate stress factors
predispose trees to attack by pathogens.

| Chemical control |——> Use of active fungicidal molecules to control plant pathogens.

I Biological control I\ Use of biological agents to control plant pathogens and establish -dneacthy
ecosystem
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In-depth Literature review on dry rot of citrus roots

Confents listzs available at Scisncellrect

Physiological and Molecular Plant Pathology

El SEVIER journal homapaga: www.elsevier.com/locata/pmpp

Dry root rot disease, an emerging threat to citrus industry worldwide under %=
climate change: A review

Said Ezrari ™", b Nabil Radouane ™", g Abdessﬂlem Tahiri ®, Zakaria El Housni®, Fouad Mokrini -,
Goksel Ozer” , Abderrahim Lazraq , Zineb Belabess ®, S8aid Amiri®, Rachid Lahlali >

* Departmeret of Plant Protection, Figytopatfology Unin, Ecofe Nofonole d° Agricndame de Maknes, BFE 40, Mefmes, Moroooo
® Laharatory of Famcrional Ecology and Emvironmenstn] Engineering, $idi Mohamed Ben Abdelloh University, Po. Box 2303, Route J Imoesser, Fez, Morocco
* FMlant Protection Lahomiory, INRA, Cemre Bigional de o Becfencee Agromomique (CHEREA) Maroc, Robar, Morocco
* Department af Blant Protection, Faculty of Agricuinme, Bole Abanr Erset Baysal Unteersity, 74030, Bobhr, Turkey
* Plant Brotection Laboratory. INRA, Cenmre Hegional de bz Bechearche Agronomaique (CRREA ), thijde SO0, Cualipole de Berkore, 63300, Berbane, Morocoo
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Part 1: Identification and characterization of DRR causal agents in Morocco

) (2)

|dentification and characterization of causative agents of citrus dry rot in
Morocco
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Part 1. Identification and characterization of species involved in DRR in Morocco (Methodology)

Isolation offungi Morphologicalidentification :  Molecularidentification re

2
. - - - - ) @
[ Citrusroot [ Citrusrhizosphere | Spemesdgf the gerliﬁlfjs.anum - %,
- andrusaruimLIke. Extraction buffer 600
/:@:\ T A Size and arrangement of conidia, number of septa and | 33'”']?”"::{"‘2;2 < @C}[
" - their mode of formation , = .Lf
1 mi 13::”‘“‘1:’ 1 mi 1mi A . B 0
e o o e A Presence or absenceablamydospores Centrifugatio d’{’%
H ﬁ @ ﬂ n at 13000
pf,ZL‘i;; . J n [ J ! rpom for 5 min
‘ 0?0 w0t et a0t 1of Polymerasehainreaction
Genusand speciesspecificprimers |
. . . Amplifyinga targetregion
Incubation et purification | TSuniversaprimers =
e - - R\
Incubation: in the dark at 26 ~ '
[ ] the Fusarium ot T T /\\g
7 days Laboratory Manual L i e -t
. . S8
Subculture Incubation H Purification | cAensage
ddATP -[ .
ddCTP { [:
I:’
John F. Leslie Sl {:>
Brett A. Summerell :>
Suizamne Butlock il 2 é
'WILEY Blackwell G n G n
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Part 1: Identification and characterization of species involved in DRR in Morocco (Results)

Morphological identification Molecular identification

Fusarium solani(FSSC) Fusarium oxysporum(FOSC) Genus specific primers Species specific primers

[scer ] [red ] [t ] e ] e ][ beto et ] [ ]




ORIGINAL ARTICLE

Joumal of Plant Diseases and Protection
https://doi.org/10.1007/541348-020-00392-0
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Characterization of Fusarium species causing dry root rot disease
of citrus trees in Morocco

Said Ezrari'? - Rachid Lahlali'® - Nabil Radouane'~ - Abdessalem Tahiri' - Adil Asfers® -
Naima Boughalleb-M'Hamdi* - Said Amiri' - Abderrahim Lazraq®

Received: 6 April 2020 / Accepted: 6 October 2020
© Deutsche Phytomedizinische Gesellschaft 2020

Abstract

Citrus have been grown as a commercial fruit crop in Morocco for a decade. The area dedicated to growing and producing
citrus has increased from 2006 to 2018 throughout the country. The rapid decline of citrus trees has been observed in many
locations. Therefore, this study aimed to identify and characterize fungal pathogens associated with dry root rot (DRR)
disease of citrus from diseased trees and soil collected from different citrus-growing plantations. Isolation and morphologi-
cal identification of pathogens were performed using PDA-SC medium. Thirty-four Fusariwm isolates were recovered from
symptomatic plants. These isolates were identified based on morphological traits and the sequence of the internal transcribed
spacer (ITS) region. Four Fusarium species were identified. Fusarium solani (Martius) was most frequently identified
(70.60%). followed by F. oxysporum (17.65%), F. equiseti (8.82%) and F. brachygibbosum (2.94%). The two latter species
have recently been associated with DRR in Morocco. Two separate pathogenicity trials were conducted to test the effect of
the pathogens on young citrus seedlings. Results indicated that, with the exception of F. equiesti, Fusarium isolates were
aggressive pathogens of citrange-Troyer and sour orange seedlings 2 months postinoculation. Citrus trees displayed key
symptoms of DRR such as root rot, discolored and necrotic roots, purple wood discoloration, plant yellowing and general
weakness. Further, all four species were able to induce lesions when they were used to inoculate citrus branches. This is the
first detailed report of Fusarium species associated with DRR in Morocco.

Keywords Citrus - Dry root rot - Fusarium - Morphological traits - Phylogenetic analysis
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Impact of environmental factors on fungal species
associated with citrus dry rot
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(' Environmentalfactors )

Abiotic factors

I

A great impact on fungal growth

I

A clear understanding of the biology of the pathogen is
essential for the development of control strategies
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Axis 2: Effects of environmental factors on mycelial growth (Methodology)

Effect of temperature I Effect of temperature and water potential I

Culture medium amended with glycerol il
Cultivation of mushrooms: Petri dishes filled with 20 ml of

PDA medium -0.67 MPa (0.995 aw)-15.54 MPa (0.89 aw)

Incubators 5-40AC Incubation : +» 10, 15, 20, 25 et 3C

Determination of radial growth rate (g, mm eBy

modeling
ler modéle : L'équation de régression 2nd model: Quartic equation & response surface
quadratique (Gibson et al. 1994) : generated by DESIGEXPERT
Daily measurement for 20 days -
> @ W
o Vi 6) DESIGNEXPERT |-
y: aX + O— - - 3‘; - - - 0 VERSION 12 |

Determination of radial growth rate (g, mm ey

et c")

\ CEQAE DO Qullp — \e .
I . N S e (rp w) \ ot i
—— — S 4 . T

. w e€nNoOopP — Mathematical and statistical validation of the

o 005 o1 s 02 03 Cw
| | r.- 47073 » ?.”?h «0.9617

O
1%

tt.e288.8¢

[

Mean Squared Deviation (RMSE), Bias Factor

Accuracy Factor, Model-Malue, Regression
Coefficient 18




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

Effect of temperature Modeling

Ww
Pw

Coefficients, the optimal water potenti&] (v(opt)) (aw) and radial growth rate prediction (um

FB:397 _~F$:428
FE:333 ~ _FO0:428 (opt).
Ci i Optimum
Souche ™ co c1 c2 a,fopt) W, E (opt)
l F. solani. 10 5.036 63397 -306.21 0889 -148 0173
5 5 15 1702 42663 -21069 0580 134 1581
mN. solani { 20 0538 33076 -16269 0850 134 3.138
4 b "F oxysporum ol h i 25 059 14676 -B1627 0,99, 107 3512
= ® F. equiseti i m k | [ 50 1216 58192 51824 0957  -0.40 3.571
P B I - F. oxysporum 10 1876 34943 16214 0288 161 1.008
@ 3 F. brachygibbosim heg ' 15 -0.505 16288 -77.275 0589 148 1423
© 20 0.900 5614 43856 0824 080 3.155
£ 5 0.963 7085 46126 0993 094 3701
£ 2 r g 30 1357 4838 -42.758 0997  -0.40 4.455
- ef g8 e F. equiseti 0 1255 75579 -10991 EE 1263
L d B d.d
1 b - - c9_ 15 -0.194 826 -42.529 0881 21 1231
- 20 0.720 7100 -38.266 0881 21 2.856
25 1169 36192 -28.721 0586 054 3.609
0 - [30 0529 15189 -73.344 0.989 148 3.726
==} F. brachygibbosum 10 1476 3396 -160.1 0585 148 1384
v 10 15 20 25 30 35 v 15 0.123 775 -37.121 0589 148 1327
. 20 0418 17250 -83.413 0589 148 3.706
0
Température (°C) [2s 1239 471 35424 0.9% .58 4039 | Response S urface maps generated by EXB
30 0362 70937 &7 073 [ELE 05a7 TE56 d a
esign software
Effect of temperature and water potential _ o o R W
Mathematical and statistical validation of the :
5 . s performance of predictive models
A) N. solani B) F. oxysporum g z
o 4 r ——10 o4 ——10 3 3
,é' 3} —a—15 é 3 e H £
E 20 g :: Paramétre F. solani F. oxysporum  F. equiseti F. brachygibbosum 2 E
< 2r —25 % 2 30 Modéle suggéré Quartique Quartique  Quartique Quartigue
1 =30 ///‘ 1 Valeur F du modzle 85,23 165,08* 153,00* 158,50*
0 ° - * RMSE 0,319 0,236 0,227 0,226 " i - <
-15.54 -12.58 -9.68 -5.44 -2.69 -0.67 -15.54 -12.58 -9.68 -5.44 -2.69 -0.67 R? 0,9521 0,9747 0,9728 0,9737 o) . ‘M
v Fw R? ajusté 0,941 0,9688 0,9664 0,9675 D) F. brachygibbosum
5 5 - R? prévue 0,9106 0,9358 0,8699 0,8634 .
C) F. equiseti D) F. brachygibbosum Facteur de biais 0,974 1,056 1,054 0,990 BN
~4r ~ 4 SR T RS IRR
1 ——10 3 ——10 S 0o 7826200
by z Facteur de précision 1,296 1,190 1,160 1,170
S 3t ——15 < 3 ——15 R
g 20 E 20 3
E 2 F ——25 ‘E 2 —4—25 *Signification (P < 0,0001) £
o —e—30 ——30 =
.
0 i o 0 | 17
-15.54 -12.58 -9.68 -5.44 -2.69 -0.67 -15.54  -12.58  -9.68 -5.44 -2.69 -0.67
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Current Microbiology (2021) 78:3092-3103
https://doi.org/10.1007/500284-021-02570-1

2

Environmental Effects of Temperature and Water Potential on Mycelial
Growth of Neocosmospora solani and Fusarium spp. Causing Dry Root
Rot of Citrus

S.Ezrari'? . N. Radouane'? . A. Tahiri' - S. Amiri' - A. Lazraq? - R. Lahlali'®

Received: 24 December 2020 / Accepted: 9 June 2021 / Published online: 25 June 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

This study aimed at evaluating the effect of environmental factors temperature and water potential (¥w) on the growth of
Neocosmospora (Fusarium) solani and three Fusarium species (F. axysporum, F. equiseti and F. brachygibbosum) associated
with citrus dry root rot and to determine the optimum and marginal rate for their growth. The effects of incubation e mpera-
ture (5-40 °C), water potentials (¥w) (— 15.54; — 0.67 MPa) (0.89-0.995 a_) and their interaction (5-30 °C) was evaluaked
on the in vitro radial growth rates of Fusarium spp. and on their lag phase. Secondary models were used to model the com-
bined effect of these factors on radial growth rate. The results underlined a highly significant effects (P < 0.001) of ¥w and
temperature and their interactions on radial growth rates and lag phases (2). The Four studied species were shown tolerant
to a temperature of 35 °C with an optimum mycelial growth at 30 for N. solani and F. oxysporum and at 25 °C for F. equi-
seti and F. brachygibbosum. However, no growth was observed at both temperatures 5 and 40 °C and at ¥w of — 9.68 MPa
(0.93 @,). The optimum water potential for growth was 2— 2.69 MPA (>0.98 a_). The results from the polynomial model
and response surface showing good agreement between observed and predicted values. The external validation on citrus
fruit indicated slight differences between predicted and observed values of radial growth. The results of this study will be
beneficial for understanding the ecological knowledge of these species and thereby limited preventively their occurrence.
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Partie @

Evaluation of active fungicidal molecules with different modes of
action against causative agents of DRR




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

Methodolo ,
gy Résultats
Sensitivity test: Incorporation of fungicides Summary of Fungicide EC50 Data for All Isolates
Chemical control with systemic fungicides
m DMIs Qols SDHIs Qols + SDHIs MBC
T Cepax )| ™ TRE Fluo Penth | CFluo+TRE) ™
Benzimidazoles Triazoles (DMI) Strobilurines (Qol) SDHI o o
Moyenne (1,060 0| 7921 28,674 29,842 | 16477 | (1,087 ) 12,560
Thiophanate Epoxiconazole Trifloxystrobine Fluopyram . ————— ———
méthyle andtetraconazole Penthiopyrad Min (0026 )| 0368 2,466 0,133 2022 | (0,047 ) 2,521
Solution stock: 10 g/l Doses— 1, 10, 50, 100 ppm Max (2826 ) | 14,407 105,208 121,776 | 44,883 | (11,887) 25,249
0 W 0 Ww
Facteur de variation| 109,263 | 39,170 42,663 915,868 | 22,201 | 253,433 10,017
After 7 days of incubation: Calculation of radial development of isolates
ECso Pl= (ab) /a X 100 "
27 i Y
\ /25
y = 0.3286x + 0.3909 R2=0.9961 g e
12 § 0| /D 19 7N el 19
1 - 2 16 f \
2 B 15 .' w1 ' 13
= 08 @ 10 [ 10 i '
: ‘E 10 | [ [ .
2 06 | = | 5 , 4 4
2 5 I3 2 7, ]
04 ¢ {
o L =il ] .
02 ‘ ‘ ‘ ‘ N Epx Ttr o N Flu / Pen N Flu + trf/ ™
0 05 1 15 2 25 — N
€"Q 10 (0€ECLEAG COEX) Fungicide
e Active Model m<l m 1<EC50<2 2<ECS0<10 >10
Conf. interval (Mean 95%) Conf. interval (Obs. 95%) .. . .
Linear (Model) Distribution of EC50 values of the isolates tested
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Results ) Formeof valuation

ARCHIVES OF PHYTOPATHOLOGY AND PLANT PROTECTION e Taylor & Francis
https://doi.org/10.1080/03235408.2022.2081765 Taylor & Franck Croup

‘Wi Check for updates

Evaluating the sensitivity and efficacy of fungicides
with different modes of action against
Neocosmospora solani and Fusarium species,
causing agents of citrus dry root rot

Said Ezrari*®, Abderrahim Lazrag®, Zakariae El Housni®<, Nabil
Radouane®® (®, Zineb Belabess®, Fouad Mokrini® @, Abdessalem
Tahiri® (&, Said Amiri*® and Rachid Lahlali® @&

*Phytopathology Unit, Department of Plant Protection, Ecole Nationale dAgriculture de Meknés,
Meknes, Morocco; ®Laboratory of Functional Ecology and Environmental Engineering, Department
of Biology, Sidi Mohamed Ben Abdellah University, Fez, Morocco; “Laboratory of Biotechnology
and Molecular Biology, Department of Biology, Faculty of Sciences, Moulay Ismail University,
Meknés, Morocco; 9Plant Protection Laboratory, Regional Center of Agricultural Research of Oujda,
Mational Institute of Agricultural Research, Oujda, Morocco; *Biotechnology Research Unit, National
Institute of Agricultural Research (INRA), CRRA, Rabat, Morocco
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Biological Control of Citrus Dry Root Rot



Biological(Controbof Citris DrycRoab Rot )

Biological control: Use of biological agents to
control plant pathogens and establish an eefsiendly ecosystem

g\ ~ Biological control agents (BCAS) use %\ »
o |

L different modes of action to exert their effec
, ﬁ Direct .
mechanisms | ﬁ

p f
o

Indirect
mechanisms

A Diffusible nonwvolatile metabolites such as A Competition for shared trophic and/or
lipopeptides,antibiotics and lytic enzymes,mainly spatial resources

cellulase chitinase A Production of phytohormones

A Nutrientsolubilization
A Microbial Volatile Compound$MVOC)

A Induction ofresistance .



CitrusRhizosphere
x  Gharb

x  Taroudante

x Berkane

x  Bni Mellal

x Taounate

Serial dilutions forsolid
sample

Cryoconservation-

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

Echantillon

Isolation

Purification of
Bacterialisolates

Conservation

80°C)

Valorization

Searchfor bacterial
antagonism

Confrontation directe

J/ . “Bactérie

/7 N\
. V4 \.
4 0-  Pathogeéne
\.,\ ‘,/'"
N\ /;"’
\ /

wilieu FDA

Disgue du champignan
Fmm

3 stries de la bactéries

Milieu LB

< 0w 108 UFCm
— — Centrifuzation 3 5500 rpm,
/ pendant 13 min
i .+ Filtze Seringue
Agitation rotatif (130 r'min) e

} _\_‘N'

230°C pendant 72h

Milieu de culture NA
Incorporation dan: PDA
Concentration de 12% (v/v)
Détermination du pourcentage I;.fub Tlowsa1ste Dizque Tmm da
d'inbibition mycilium

| *—Filtre millipare 0,2 pm

Valorization

Biochemicalcharacterization

Production des enzyme lytiques
Amylase Cellulase Pectinase Chitinase. Protéase
Milieu & base damidon|  wiilieu  base de OMC | wilieu 3 base de la pectine | wilieu 3 base de lIa chitine | Milieu 2 base du lait écrémé
J J J ¥ J
/

Ve Y A

27 w20l iy

(26T) @WLD
e
Pe——
=

Hal clair autour de Iz colenie | Hala ur de la colonie | Halo clair autour de ls colanie 216 izt autour e 13 colonia
Hale lafr autour de | Hala clair autour g 1a colanie

Production de molécules volatiles Promotion de la croissance de la plante

Production I'HCN ; 4o Production d'Als. | Secrétion de sidé

Papier filtre Whatman imbibé
par une solution de picrate

Solubilisation de phosphate

)

LPGA avec 4,4 g/l
de glycine

Molecularcharacterization

Extraction d’ADN bactérien

1) Récolte des bactéries

2) Récupération de la phase aqueuse

."

Llop et al. (2000)
# 3

| J

Ajouter tampon 4’ extraction

_ |

| | \
3) Précipitation & 1'izopropanocl

—

4) Lavage avec éthanol et re-suspension du col de I'ADN
EDS

Ethanol
1 |

—_— | —

r

—_—

V Laisser sécher

Identification moléculaire

Amplification de PADN
Geéne universel ARNr 16 8 T
Amorce Séquence i -
FD1 5'-AGAGTTTGATCCTGGCTCAG-3 i
RP2 5'-ACGGCTACCTTGTTACGACTT-3' o G
Révélation d’amplicon

Révélation de I"ADN amplifié par électrophorése sur gel d'agarose

Séquencage
Technique de Sanger

Detection of genes responsible for the secretiolipmpeptides

Application

inoculation des racines blessées par trempage dans une solution sporale

0 Préparation du sol

"S>

~N

-1
~ 90 min (2 fois)

e .

o Préparations de la suspension sporale

‘e
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Part 4 Resultg

Molecular characterization

I Searchfor bacterialantagonism Iz‘ agoni s me

bac r fdiebuarfentification Lipopeptidebiosyntheticgenes

Bacillomycine Iturine
[ UWBAI011 Bacs b ka3 +———— Séquencage du géne d'ARNr 165 y
. —
ﬂumnmm gespéces 1 234 56 789100121314 L 151617181920 L -C 23 47% 67 87101 12 131 15 16 17 18 19 20 L C
W01 Bocies samenems 37 +————
R E— > Bacillus (16) o
» MWBATES Bacibs Pabstolerans BMD-5
[ v B subtilis (4)
e ——— ~ B. amyloligusfociens (4)
MTEI00 Bac s haichokerans
g - « B hslotolerans (4)
otz scns s v B. yelezensis (1)
VOB Bactus it 165 i
Rty ol « B xiamensnsis (1}
= P — B ligheniformis (1)
TR v Btequlensis (1) E i Surfactine
B[ > Stenotrophomonzs (3) engycine
L AOATT Bl SN X0 v Stenotrophomanas maltonhilia (2) : 6 7 879 10 112 13 14 15 L 16 17 18 19 20 L -C 123 4567891001131 €C 15161718 17181, 4¢
MWBATE Bacius amryioiquetacens CHI-1 &
| TS0 B iy o B2 v Slenotophamonss sp.)
vt et > Sohingobacterium multivorum (1)

U

o0 | MWBSEB7 Sphingobacterium uthcrn Be(34

| Bfaehemjoabharaatemaﬂwﬂ mmm—— }

73] [ MISHGZ0 Steroirushomanas mascphta TD1
| KF818822 Siencirophomanas matopia

Production of lytic enzymes Production de molécules volatiles e

Production d"HCN
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( Conclusions )

Four speciegbelongingto four speciescomplexes)are associatedvith dry rot of citrus in Morocco:

Fusarium solani (Neocosmosporaolani) : Fusarium solanispeciexomplex

Fusarium oxysporum Fusarium oxysporumspeciesomplex

Fusarium equiseti Fusarium incarnatum-equisetispecies complex ——) First report in Morocco
Fusarium brachygibbosum Fusarium sambucinumspeciexomplex ——> First report in world
Variability betweenisolated strains Morphological and molecular characteristics Ability to induce the disease

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

Significantly Effect
Radialgrowth rate

Growth temperature range: 10-35°C and maximum radial growth rates: 2530°C

Fungal growth increased with water avai {280MPAPXGawyvi t h Opti mal water

Polynomial model: an accurate description of observed experimental data.



( Conclusions )

Study of sensitivity to active ingredients

The isolates tested show a wide range of sensitivity to the different fungicides evaluated with high variation factors
the least sensitive isolate and the most sensitive.

The fungicidetrifioxystrobin + fluopyramwas the best for mycelial inhibition in vitro and provided better disease contl
under greenhouse conditions.

Biological control

Screening and identification of twenty bacterial isolates with significant antifungal activity agassstumspp.

These bacterial isolates have different modes of action.

Production ofytic enzymes Production ofiderophores Phosphateolubilization
Have the genes responsible for the productidipopeptidesandbacteriocins ~ Production of phytohormones

Bacillus subtilis K44 and GH38: Greater antifungal action agaif&tsariumspecies in in vivo tests.



( Future prospects)

1. Large-scalenational diseasesurveillance plans

Complementary studies on hospathogen interaction and the study of plant defense mechanisms
using molecular tools such agranscriptomics, metabolomics and genomics

3. Role of biotic factors (Nematodes ané®hytophthoraspp.) in disease development

4. Multigene identification of diseaseassociated agents

5. Evaluation of the varietal tolerance of the main rootstocks against the disease

6. The development obiopesticidesbased on the selected antagonists or their combination with
mycorrhizal fungi for use in field control programs.
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