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Abstract  

Gray mold caused by Botrytis cinerea causes serious losses in more than 200 crop 

species worldwide. The necrotrophic fungus sporulates to effect a grey covering on 

leaves, stems and flowers. B. cinerea is controlled by chemical synthetic fungicides, 

endangering human and environmental health. Synthetic fungicides stimulate 

emergence of pathogen resistance. Organic alternatives which may be present or 

introduced into the edaphic environment are suitable solutions to control outbreaks. 

This study was done in order to elucidate the mode of action involved in the control of 

B. cinerea using fluorescent Pseudomonas isolates from tomato roots. The results 

show that all 76 isolates inhibit fungal growth during in vitro bioassay using dual 

culture technique. Five isolates of Pseudomonas (Q6B, Q13B, Q7B, Q14B and Q1B) 

cause significant inhibition levels ranging from 65 to 73%. These isolates inhibit 

fungal growth in both fruits and leaves. Each isolate tested produced antifungal 

metabolites (siderophores, hydrogen cyanide and enzymes). Results of this study 

show that all tested Pseudomonas isolates have a strong efficacy in biological control 

against B. cinerea and can be used for environmentally sustainable control.  

 

Keywords: Pseudomonas; B. cinerea; rhizospheric solutions; biological control; 

antifungal; tomato 
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Solutions rhizosphériques : Isolats de Pseudomonas contre 

Botrytis cinerea de la tomate 

Résumé  

La moisissure grise causée par Botrytis cinerea provoque des dégâts sur plus de 200 

espèces de cultures dans le monde. B. cinerea sporule pour former une pourriture 

grise sur les feuilles, les tiges et les fruits. Pour lutter contre B. cinerea, des 

fongicides synthétiques sont utilisés. Ces derniers mettent en danger la santé 

humaine et environnementale en plus de la résistance qu'ils peuvent occasionner 

chez les souches de B. cinerea.  Les alternatives écologiques sont des solutions 

appropriées pour contrôler la moisissure grise tout en maintenant l’équilibre 

environnemental. L’objectif de cette étude est d'évaluer l’effet des isolats de 

Pseudomonas issus de la rhizosphère de la tomate sur B. cinerea. Les résultats ont 

montré que les 76 isolats testés inhibent le développement de B. cinerea in vitro. 

Cinq isolats de Pseudomonas (Q6B, Q13B, Q7B, Q14B et Q1B) ont provoqué des 

niveaux d'inhibition significatifs allant de 65 à 73%. Par ailleurs, ces isolats ont 

également inhibé B. cinerea sur les feuilles et le fruit de la tomate. Pour tenter 

d'élucider les mécanismes d'action, les cinq isolats ont montré une production des 

métabolites antifongiques tels que les sidérophores, le cyanure d'hydrogène et 

d’autres enzymes. Les résultats de cette étude ont montré que les isolats de 

Pseudomonas Q6B, Q13B, Q7B, Q14B et Q1B ont une forte efficacité dans la lutte 

biologique contre B. cinerea et peuvent être utilisés pour une lutte écologique 

durable. 

Mots clés : Pseudomonas ; B. cinerea ; rhizosphère ; contrôle biologique ; 

antifongique ; tomate. 
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في  Botrytis cinereaالفطر  على  Pseudomonas   سلالاتتأثير الجذور:  من حلول

 شجيرات الطماطم

 انيعلو ،تيموثي بوليتز نيكولاس،جيمس  فورزي الهادي،عبد  جرارا هند، دلحمي رضوان،قساوي 

رشيد رودهبو و الحسن مياد بشرى، شبلي محمد،  

 ملخص 

 

نوع من المحاصيل حول  200من  علىخسائر  Botrytis cinereaيسبب العفن الرمادي الناجم عن 

وتستعمل  والفواكه،على الأوراق والسيقان  اغطاء رمادي B. cinereaفطر  ل ابواغتشكالعالم. 

تهدد صحة الإنسان  غير أنها B. cinerea المبيدات الفطرية الاصطناعية للسيطرة على العفن الرمادي

البدائل العضوية حلولا تعتبر  و cinerea.B لمقاومة لدى فطر وتودي أيضًا الى ظهور ا والبيئة،

مناسبة للتحكم في العفن الرمادي مع الحفاظ على التوازن البيئي. تهدف هذه الدراسة الى تقييم تأثير 

ة سلال 76. وقد أظهرت النتائج أن B. cinereaمن جذور الطماطم على  Pseudomonas سلالات

الخمس من  السلالاتفي المختبر. تسبب  B. cinereaر تم اختبارها تمنع تطور فط

Pseudomonas (Q6B  ،Q13B  ،Q7B  ،Q14B  وQ1B مستويات )و 65تتراوح من  كبح 

 تمنع تطور العفن الرمادي على أوراق وفواكه الطماطم، وأظهرت جميع السلالات هذه. كما أن 73٪

يات )حامض الحديد، سيانيد الهيدروجين الخمس قدرة إنتاج المستقلبات المضادة للفطر السلالات

لها  Q1Bو  Q6B ،Q13B ،Q7B ،Q14B السلالاتنتائج هذه الدراسة أن  والإنزيمات(. بينت

مسبب العفن الرمادي ويمكن استخدامها للتحكم  B. cinereaفعالية عالية في المكافحة البيولوجية لفطر

 البيئي المستدام.

 

 طماطم  ؛ Botrytis cinerea  ؛ التحكم البيولوجي؛Pseudomonas الكلمات المفتاحية:
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Introduction  
 
Tomatoes are one of the most cultivated crops in Mediterranean greenhouses (Abou 
Hadid, 2013). In Morocco, tomatoes grown in greenhouses cover approximately 
16.000 ha with 1.5 million tons/year of production. These are considered as an 
essential crop grown in the Souss Valley (Ait Hou et al., 2015). Tomato productivity 
suffers constraints and risks from increased pathogenic agents. The main objective of 
Morocco’s Green Plan is to improve yield up to 142% without expanding production 
areas. To achieve this and other objectives, it is imperative to reduce damage caused 
by pest and diseases.  
 
The fungal plant pathogen Botrytis cinerea is the causal agent of gray mold disease 
on tomato, apple, strawberry and a range of other economically important crops 
(Price, 1979; Sharma et al., 2009; Jurick et al., 2017; Rguez et al., 2020). Gray mold 
causes huge losses in protected tomato crops (Ni and Punja, 2019). It infects the 
flowers, fruits, leaves and stems before harvest (Borges et al., 2014; Chen et al., 
2019). Gray mold is recognized as an important postharvest disease on fresh-market 
tomatoes (Mari et al., 1996). Gray mold may be controlled by chemical fungicides 
(Eckert and Ogawa, 1988; Rupp et al., 2017), although there is increasing 
international concern over the heavy use and application of these products on crops 
due to their harmful effects on human and environmental health. Additionally, 
emergence of pathogen resistance is incited by chemical fungicides (Chung et al., 
2009). Elad et al., (1992) reported that B. cinerea developed a rapid resistance to 
specific fungicides including benzimidazoles, dicarboximides and sterol biosynthesis 
inhibitors. Halime et al., (2019) reported a high level of resistance of B. cinerea to 
Fenhexamid in Moroccan tomato greenhouses. Moreover, chemical products cause 
soil pollution and have detrimental effects on humans (Martínez-Romero et al., 2008). 
In order to find a safe fungicidal control, alternative strategies have been considered.  
 
Biological control offers an alternative to synthetic fungicides and has become a well 
established practice over recent decades (El-Shatoury et al., 2020; Syed Ab Rahman 
et al., 2018). Non-phytopathogenic bacteria of rhizospheric, endophytic or halophilic 
environments have been frequently reported to protect plants against 
phytopathogens (Van Loon et al., 1998; Magnin-Robert et al., 2007; Compant et al., 
2010; Verhagen et al., 2011). Bacterial genera such Bacillus, Pseudomonas, and 
Enterobacter; fungi belonging to Pythium, and Trichoderma genus and actinomycetes 
have an interesting biocontrol potential (Lange et al., 1993; Chernin et al., 1995; 
Amkraz et al., 2010; Gao et al., 2018). Further, Sadfi-Zouaoui et al., (2007b) reported 
that a function of plant growth-promoting rhizobacteria (PGPR) is to reduce 
phytopathogenic infections of host species directly via biocontrol mechanisms. PGPR 
also assist plant hosts indirectly by induction of systemic resistance, additional 
phytohormone or anologue pathways or by changes in nutrient status (Van Loon et 
al., 1998; Zamioudis and Pieterse, 2012; Qessaoui et al., 2019a). B. Cinerea has 
been controlled by both fungi and bacteria (Elad 1985; Loqman et al., 2009; Mónaco 
et al., 2009).  
 
 
 
 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

55 

 

Researchers report direct mechanisms of bacterial biocontrol to be: antagonistic; via 
production of antibiotic compounds; in competition for nutrients; through siderophore-
mediated competition for iron and/or production of extracellular enzymes (Lavicoli et 
al., 2003; Meziane et al., 2005; Gao et al., 2018; Qessaoui et al., 2019b). In indirect 
interactions, rhizobacteria reduce disease by inducing or priming plant defense 
mechanisms, which lead to a state of phytopathogenic resistance, commonly termed 
induced systemic resistance (ISR) in the whole plant (Conrath et al., 2002; Verhagen 
et al., 2010). ISR has been demonstrated in different plant species against various 
disease vectors when bacteria and phytopathogens remained spatially separated 
(Hoffland et al., 1995; Van Loon et al., 1998; Lavicoli et al., 2003; Meziane et al., 
2005). It has been reported that local and systemic resistance against B. cinerea can 
be induced by Acinetobacter, Bacillus and Pseudomonas spp. (Magnin-Robert et al., 
2007; Verhagen et al., 2011; Vignatti et al., 2020). The aim of the present study is to 
investigate the effect of Pseudomonas isolates on Botrytis cinerea and to elucidate 
the mechanism of their antagonistic activity. 
 
Material and Methods 
 
Isolation of bacteria from tomato roots 
 
Isolation was performed as described by Qessaoui et al., (2019a). Samples of 
rhizospheric soil with roots were collected from tomato greenhouses of the 
experimental farm at the Regional Agricultural Research Center of Agadir. Bacterial 
isolates were isolated from the rhizosphere (RS), rhizoplane (RH) as well as from the 
endorhizosphere (ER) (Amkraz et al., 2010; Qessaoui et al., 2019a). RS, RH and ER 
extract samples were diluted and dilutions were spread on King B medium (King et 
al., 1954), to isolate and quantify fluorescent Pseudomonas under UV (Amkraz et al., 
2010). Three replicates were made for each extract, all being incubated at 26oC for 
48 h. Results were expressed as colony forming units per gram (CFU g-1) of dried 
rhizospheric soil or of fresh roots for rhizoplane and endorhizosphere. Fluorescent 
colonies were purified by streaking and were stored at -80°C in 40% glycerol (Parke 
et al., 1986; Kaur et al., 2007; Qessaoui et al., 2019a). 
 
Isolation of B. cinerea from tomato plants 
 
Isolation of B. cinerea was made from infected fruit and vegetative tissues of tomato 
plants. Cultures were grown on Potato Dextrose Agar (PDA) after which B. cinerea 
was selected, purified and characterized. Isolate characterization was carried out at 
the Plant Protection Laboratory of INRA-Agadir, Morocco. 
 
In vitro selection of antagonistic fluorescent Pseudomonas against B. cinerea 
 
In vitro evaluation of Pseudomonas isolates was carried out using dual culture 
technique on PDA (Kaur, 2003). A heavy inoculum was applied as a band of 1.5 cm 
length equidistantly on three opposite edges of the agar medium in Petri plates using 
an inoculation loop. A mycelial disc of 5 mm diameter from a 7 day-old culture of B. 
cinerea was placed at the center of the Petri plate. Three replications were made for 
rhizobacteria. Plates containing the pathogen alone served as control. Plates were 
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incubated for five days at 25°C (Kauret al., 2007). After incubation, the mycelial 
growth inhibition percentage (MGIP) was calculated using the following expression.  
 

     (1) 

 
Where r1 is radial growth of the fungus in the control and r2 is radial growth of the 
fungus in the treated plates (Chaurasia et al., 2005; Berrada et al., 2012). The 
bacterial isolates showing maximum zones of inhibition were selected for further 
studies. 
 
Characterization of fluorescent Pseudomonas isolates 
 
Five selected bacterial strains were subjected to biochemical testing for 
characterization (Fluorescence production, motility, oxidase, arginine 
dehydrogenase, catalase, leven production, nitrate reduction and gelatin liquefaction) 
 (Falkow, 1958; Stanier et al., 1966; Bossis et al., 2003). These isolates were further 
characterized based on a partial rpoD gene sequence using the primers PsrpoD 
FNP1 (5′-TGAAGGCGARATCGAAATCGCCAA-3′) and PsrpoDnprpcr1 (5′-
YGCMGWCAGCTTYTGCTGGCA-3′) (Qessaoui et al., 2019a). 
 
In vivo screening of antagonists for antifungal activity against B. cinerea on 
tomato fruits 
 
Preparation of tomato fruits 
 
Red and uniform (57-67 mm) tomato fruits were collected from unsprayed plants 
growing as organic crops at the experimental farm of INRA, Agadir, Morocco. The 
fruits were surface-sterilized by soaking in aqueous sodium hypochlorite (2%) for 5 
min (Sadfi-Zouaoui et al., 2007b a). They were thoroughly rinsed with sterile distilled 
water, dried, and two small wells (3 mm in diameter and 3 mm in depth) were made 
in each fruit with a sterile needle. 

 
Inoculation of tomato fruits 
 
Fresh cultures of the pathogen and fluorescent Pseudomonas antagonists were used 
for each experiment. In evaluation of antagonistic activity, ten fluorescent 
Pseudomonas strains were grown for 48 h in King B medium and adjusted to 
108CFU/ml. Conidial suspensions of B. cinerea kept in Sabauroud broth medium 
(10g/l peptone; 20g/l glucose) were adjusted to 105 spores mL-1. Twenty microliters 
of the bacterial suspensions were inoculated into the wells of fruits. After drying for 
one hour in a sterile area, wells further inoculated with 20 µL of conidial suspension. 
Fruit inoculated with the pathogen alone was considerated the positive control; while 
fruits inoculated with distilled water constituted negative controls. All fruits were 
stored at 20°C for 7 days in autoclaved transparent plastic bags. The mycelial growth 
inhibition percentage on treated fruits (MGIPF) was calculated in the following way: 

 

     (2) 
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Where R1 is lesion diameter recorded in positive control fruits and R2 is lesion 
diameter in treated fruits.  
Nine tomato fruits were used per treatment (Janisiewicz and Roitman, 1988). 
 
Effectiveness of Pseudomonas to control gray mold on tomato leaves 
 
Tomato leaves excised from organically-grown plantlets (8-week-old) were floated 
abaxial side down on the buffer surface (2 mM MES pH 5.9, containing 0.5 mM CaCl2 
and 0.5 mM K2SO4), in the presence of each bacterial isolate at 107 CFU/ml. 
Controls consisted of leaves incubated with the buffer. After 20 h, the leaves were 
rinsed with sterile distilled water, patted dry and placed in Petri plates, the adaxial 
side facing a wet absorbing paper. One needle-prick wound was applied to each leaf, 
and the fresh wounds were covered with 5µl drops of the B. cinerea conidial 
suspension (105conidia/ml). The experiment was done with seven leaves excised 
from four plants for each isolate. Each experiment was repeated three times. Disease 
development was measured as the average diameter of lesions formed 7 days after 
inoculation with B. cinerea. Percent protection was defined as reduction in lesion 
diameter relative to the control. The mycelial growth inhibition percentage on treated 
leaves (MGIPL) was calculated using the following formula: 
 

    (3) 

 
Where D1 is lesion diameter recorded in positive control fruits and D2 is lesion 
diameter in treated fruits. 
 
Production of volatile antifungal compounds (VOCs) 
 
Effects of volatile organic compounds produced by the ten selected fluorescent 
Pseudomonas on the growth rates and activity of fungi were assessed according to 
Fiddaman and Rossall (1993). The antagonism of Pseudomonas was evaluated on 
King B medium plates. After incubation for 48h, the lid of each Petri dish was 
replaced by a plate containing PDA medium with a 6mm plug of B. cinerea. The two 
plates were sealed with parafilm. Controls were prepared without bacteria in the 
bottom plate. Petri dishes were incubated at 25°C, and observations were recorded 
after 5 days (Kumari and Khanna, 2014). The percentage of growth inhibition by 
VOCS (PIVOC) was calculated in the following way:  
 

     (4) 

 
Where r1 and r2 are radial growth of the fungus in the control and in treated plates 
respectively. 
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Hydrogen cyanide production 
 
To determine the production of HCN, Pseudomonas isolates were streaked onto KB 
agar plates supplemented with glycine (4.4 g l-1). Petri plates were inverted and a 
piece of filter paper impregnated with 0.5% picric acid (yellow) and 2% sodium 
carbonate was placed on their lids. Petri plates were sealed with parafilm and 
incubated for 96 h at 28 °C. After incubation a change in the filter paper colour (from 
orange to brown) of the filter paper indicated the production of HCN (Bakker and 
Schippers 1987). 
 
Spore germination assay 
 
Germination of spores and growth of germ tubes of B. cinerea were assayed by 
mixing a 40µl drop of the spore suspension (106 spore/ml) prepared in Sabauroud 
broth by the method of Elad (1985) with an equal volume of isolate filtrate in wells of 
sterile depression slides. The slides were incubated at 20°C for 18h in sterile Petri 
plates containing filter paper moistened with distilled water. After incubation, 
percentage of spore germination inhibition and development of germ tubes were 
calculated as compared to the control. At least 100 spores in three observation fields 
were examined for each isolate. The numbers of germinated and non-germinated 
spores were counted using a light microscope at 400x magnification and the length of 
germ tubes were measured with an ocular micrometer. Spores were considered to be 
germinated when germ tubes were twice the spore length (Xiao et al., 2008). 
 
Siderophore production 
 
Production of siderophores was determined by the method of Schwyn and Neilands 
(1987), using CAS reagent (chrome azurol S; Fluka Chemika, Buchs, Switzerland). 
Isolates were grown on CAS agar plates supplemented with 2% glucose, 0.5% L-
glutamic acid (neutralized), and 5 ppm biotin. The presence of orange haloes was 
recorded up to 7 days after incubation. 
 
Proteolytic activity 
 
Protease activities of Pseudomonas strains were determined according to the 
method reported by Jha et al., (2009). Skim milk agar was used (5 g/l pancreatic 
digest of casein, 2.5 g/l yeast extract, 1.0 g/l glucose, 100 ml/l of 7% skimmed milk 
solution and 15 g/l agar). Bacterial cells were spot inoculated and incubated for 48h 
at 28 °C. After incubation, plates were observed for the zone of clearness around the 
colony. Proteolytic activities were indicated as negative with no clear zone around the 
cells and positive with a zone of clearness (Smibert and Krieg, 1994). 
 
Chitinolytic activity 
 
To detect chitinolytic activity on the plates, cells were streaked on a mixture of 
synthetic medium (SM) and nutrient broth (3:1), supplemented with colloidal chitin 
(0.2%) solidified with 1.5% agar (Chernin et al., 1995). After incubation at 30 °C for 5 
days, the plates were treated with Congo red solutions (0.03%). Enzymatic activity 
was noted with appearance of clear zones (Elshafie et al., 2012). 
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Cellulase activity 
 
Cellulase production was determined by using the M9 medium agar amended with 10 
g/l of cellulose and 1.2 g/l of yeast extract (Cattelan et al., 1999), after 8 days of 
incubation at 28°C the appearance of a clear halo indicated cellulase production. 
 
Statistical analysis 
 
The mycelial growth inhibition percentage (MGIP) was calculated for each 
Pseudomonas isolate. The data were subjected to Analysis of Variance test 
(ANOVA) using Statistical software, STATISTICA (Ver. 6). Any difference mentioned 
is significant at P< 0.01 using the Newman–Keuls multiple range test. 
 

Results  
 
Isolation of Pseudomonades from tomato roots 
 
Bacterial populations were quantified in the samples collected from the tomato 
greenhouse of the experimental farm. Of the bacteria, 76 Pseudomonas were 
isolated, of which 56.58% (43 isolates) were isolated from the rhizoplane, 28.95% (22 
isolates) from the endorhizosphere and 14.47% (11 isolates) were from the 
rhizosphere. 
 
In vitro selection of B. cinerea antagonistic Pseudomonas  
 
All 76 fluorescent Pseudomonas isolates were tested against the B. cinerea strain in 
Petri plates containing PDA medium. All isolates showed activity against B. cinerea 
ranging between 10.92 % to 73.63% inhibition (Table 1). The results showed that out 
of the 76 isolates tested against B. cinerea in dual culture under in vitro conditions, 
fifty-four showed an antagonistic potential (MGIP>25%) against B. cinerea. Variation 
in inhibition potential was observed though the inoculum load was the same for all 
isolates (Table 1). Among fifty-four isolates, five bacteria Q6B, Q13B, Q7B, Q14B 
and Q1B showed a maximum percent inhibition of B. cinerea with (MGIP>65%) 
(Figure 1).  
 

Table 1: In vitro screening of bacterial isolates based on mycelial growth inhibition of B. 
cinerea 

 

Soil part 
Number of 
antagonistic isolates 

Antagonism of isolates 
(MGIP>25%) (%) 

Inhibition 
potential (%) 

Rhizosphere 11 82 10.92 - 65.48 

Rhizoplane 43 63 11.67 – 70.59 

Endorhizosphere 22 72.73 16.88 – 73.63 
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Figure 1: Effect of five Pseudomonas isolates on the mycelial growth of B. cinerea 

(P<0. 01; Newman-keuls test) 
 

Pseudomonas isolates characterization 
 
Q6B, Q13B, Q7B, Q14B and Q1B isolates were Gram-negative and produced 
fluorescence manifested by a diffusible yellowish-green pigment, under ultraviolet 
light (360 nm), in KB medium. Q6B was negative in the motility test; the other tested 
isolates were positive in motility, oxidase, and arginine dehydrogenase. Q7B isolates 
were negative for catalase and leven production.  Q14B and Q1B were positive for 
nitrate reduction while others were negative. Q6B and Q13B were positive in terms of 
gelatin liquefaction (Table 2).  
 
Molecular characterization using an rpoD gene sequence confirmed the five isolates 
as Pseudomonas sp. (Qessaoui et al., 2019a).   
 
 
 
Table2: Biochemical characteristics of five Pseudomonas isolates 

 Gram Fl Ox Mt Ca N Arg L Gl Glu* Suc* Man* 

Q6B - + + - + - + + + Ox - - 

Q13B - + + + + - + + + ox/fr - - 

Q7B - + + + - - + - - Ox + - 

Q14B - + + + + + + + - Ox - - 

Q1B - + + + + + + + - Ox - - 

Fl = fluorescence; Ox = oxydase; Mt = Motility; Ca = catalase; N= nitrate; Arg = 
arginine;  
L = leven; Gl = Gelatin; Carbon source (Glu = glucose; Suc = sucrose; Man = 
mannitol; ox: oxidation; fr: fermentation 
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In vivo screening of fluorescent Pseudomonas antagonists of B. cinerea on 
tomato fruits and leaves 
 
These five tested Pseudomonas showed antagonistic activity against B. cinerea on 
tomato fruits compared to controls, with 97% inhibition after 7 days of inoculation 
(Table 3). MGIPF ranged from 53% to 97% for Q14B and Q6B respectively. These 
isolates kept the fruits almost intact (Figure 2). 
 
The five Pseudomonas isolates were screened for their effectiveness to control B. 
cinerea using detached leaves and effectively reduced disease development on 
leaves compared to the non-bacterized control (Table 3). The reductions of necrotic 
lesions (MGIPL) varied from 63 to 95% for isolate Q1B and Q6B respectively. 
 
 
 
 
 
 
 
 

 
 

Figure 2: In vivo tests of antagonists to B. cinerea on tomato fruits (a) Positive 
Control; (b) Treated fruits 

 
Table3: Protection of tomato fruits and leaves against B. cinerea by five 

Pseudomonas isolates 

Isolate Source MGIPF(%) MGIPL(%) 

Q6B Rhizoplane 97.88±2.29cd 95.12±12.90c 

Q13B Rhizoplane 63.77±7.10abc 86.84±23.52c 

Q7B Endorhizosphere 80.94±7.37abdc 85.37±31.82c 

Q14B Endorhizosphere 53.62±8.67ab 78.06±21.39c 

Q1B Endorhizosphere 86.55±6.89bcd 63.77±41.68bc 
*Values indicate mean values (±S. D.) followed by different letters are significantly 
different within a row or column at P<0. 01 according to Newman-keuls test 
 
The results showed that the five Pseudomonas isolates significantly inhibited B. 
cinerea. Moreover, the Pseudomonas isolated from endorhizosphere and rhizoplane 
were more potent than isolated ones from the rhizosphere (Table 3). 
 
Production of volatile antifungal compounds (VOCs) 
 
The experiement related to VOCs indicated that tested Pseudomonas isolates 
produced effective volatile products against B.cinerea under in vitro conditions. A 
total inhibition of the B. cinerea was observed during the five days of incubation 
(Table 4) (Figure 3). Inhibition was in accordance with the results of the inhibition in 
PDA medium, on tomato fruit and leaves (Table 3). 
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Figure 3: Antagonistic effect of volatile antifungal compounds on growth of B. cinerea 
 
Production of hydrogen cyanide (HCN) 
 
All five antagonistic Pseudomonas isolates showed the production of HCN as 
indicated by the discoloration of the filter paper from orange to brown (Table 4, 
Figure 4).  

 
Figure 4: Production of HCN on King B agar by antagonistic Pseudomonas isolates 
 
Spore germination assay 
The germination (germ tube growth) of B. cinerea spores was inhibited by 
Pseudomonas strains filtrate after 18 h of incubation compared with the control. The 
percentage of spore germination inhibition ranged from 33 to 59%. The germ tube 
inhibition percent ranged from 40 to 75% (Table 4). 
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Table 4: Effect of five Pseudomonas isolates on spore and tube germination, of B. 
cinerea. and their capacity to produce HCN, siderophores and enzymes  

Isolat
e 

Spore 
germination 
inhibition (%) 

Germ tube 
inhibition 
% 

PIVOCs  

HCN 
Production Chitinas

e 
Proteas
e 

Cellulas
e 

Siderophores 

P Colour 

Q6B 59.33±3.61c* 
75.00±0.2
9 

100%±0.00
a 

+
+ 

D-b + + + + 

Q13B 35.33±6.56ab 
50.00±0.5
8 

100%±0.00
a 

+
+ 

D-b + + + + 

Q7B 35.66±1.53a 
60.00±0.5
8 

100%±0.00
a 

+
+ 

D-b + + + + 

Q14B 33.00±10.69a 
50.00±0.5
8 

100%±0.00
a 

+
+ 

D-b + + + + 

Q1B 
43.33±10.39a

b 
40.00±1.0
0 

100%±0.00
a 

+
+ 

D-b + - + + 

Values indicate mean values (±S. D.) followed by different letters are significantly 
different within a row or column at P<0. 01 according to Newman-keuls test; P: picric 
acid test; D-b: dark brown  
 
Siderophore production 
 
All five isolates produced siderophores, which manifested by the presence of an 
orange halo around colony (Table 4). 
Lytic enzymes 
The protease activity was shown by the isolates (Q6B, Q13B, Q7B and Q14B). while 
the chitinase and the cellulose activities were shown by all the five selected isolates 
(Table 4).  
 
Discussion  
 
Five Pseudomonas isolates Q6B, Q13B, Q7B, Q14B and Q1B, obtained from the soil 
rhizospheric of tomato, have shown an efficient and significant ability to protect 
tomato plants against B. cinerea. Obtained results agreed with those that report that 
Pseudomonas is of major use in the biocontrol of pathogens (Kaur et al., 2007; Gao 
et al., 2018; Dutta et al., 2020, Chaouachi et al., 2021). Isolates of the bacterial strain 
sourced from greenhouse grown tomato plant roots showed significant antifungal 
activity against B. cinerea. Additionally, isolates showed significant antifungal activity 
against B. cinerea in tomato fruit and leaves as well.  
 
The cell-free supernatant of Pseudomonas strains had an inhibitory effect on conidia 
germination, germ tube elongation and mycelial growth of B. cinerea. The latter 
agrees with previous reports in which it was found that rhizobacteria can reduce 
pathogenic infections directly by competition for space and/or nutritional competition 
(niche exclusions) and secretion of antibiotics (Lugtenberg and Kamilova, 2009; 
Mitter et al., 2013). Bioactive compounds which have been secreted include 
lipopeptides, 2,4diacetylphloroglucinol and phenazine-1-carboxylic acid (Paulin et al., 
2017; Jaaffar et al., 2017).  
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The current study revealed the mechanism of action of Pseudomonas isolates 
against B. cinerea. the These isolates were able to produce HCN and siderophores. 
The current study concurs with Chang et al., (2007) who reported that the 
supernatant of Bacillus cereus QQ308 inhibited spore germination and germ tube 
elongation of Fusarium oxysporum, F. solani, and Pythium ultimum. Bryk et al., 
(1998) reported that Erwinia herbicola directly inhibited spore germination of both B. 
cinerea and Penicillium expansum in liquid culture. Products may act on the spore 
germination or on the length of the germ tube. Other bioactive metabolites produced 
by the selected strains played crucial roles in inhibiting B. cinerea, such as volatile 
antifungal compounds. In the current study, production of VOCs and HCN in the in 
vitro tests resulted in a complete inhibition of B. cinerea. Ramette et al., (2003) 
reported that the microbial production of HCN is an important antifungal trait in the 
control of root infecting fungi.  In the same context, Kumari and Khanna (2014) 
reported that the plant growth promoting rhizobacteria isolate (15B) significantly 
inhibited growth of F. oxysporum sp.ciceri by producing VOCs, resulting in 64.2% 
inhibition compared to controls. Experimentation of the the current study illustrated 
that all five strains produce lytic enzymes including proteases, cellulases and 
chitinases. It has been shown that some enzyme producing bacteria are able to 
destroy oospores of phytopathogenic fungi (El-Tarabily, 2006) and affect the spore 
germination and germ-tube elongation of phytopathogenic fungi (Sneh, 1984; 
Frankowski et al., 2001).  
 
Conclusion 
 
A combination of different mechanisms play an important role in inhibition of B. 
cinerea in vitro as well as on the plant parts; fruits and leaves. Potential production of 
volatile and diffusible antagonistic metabolites infers that selected Pseudomonas are 
potential antagonists against a range of phytopathogenic fungi that infect tomato and 
other crops. Pseudomonas hold great potential as biopesticidal alternatives to 
chemical fungicides in reducing the damage of fungal disease. Pseudomonas 
isolates of this study have an ecological role and a key utilization in sustainable 
agriculture systems, which additionally benefits ecosystem sustainability.  
 
Future investigations are recommended in both biochemical and molecular 
approaches in order to refine both broad and specific mathematic control for the 
benefit of ecosystem service returns. It is suggested that investigation of mechanisms 
and pathways are made. These may proceed from ascertaining key qualities of 
bacterial genomes and work towards sequence studies leading towards quantitative 
and qualitative measurement of the factors involved (Kearsey and Pooni 1996). With 
use of specific genetic and biochemical / biological and mathematic refinement we 
look to unveil relationships with the vast range of members of edaphic communities in 
order to maximize agroecological productivity, ecosystem services and soil diversity 
potentials alike. 
 
 
 
 
 
 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

65 

 

Declarations: 
 
Funding  
The study was funded by INRA (PRMT cultures maraîchères 2017-2020) 
 
Conflicts of interest/Competing interests  
There are no known conflicts of interest associated with this publication.  
 
Author contributions  
- R. Qessaoui and R. Bouharroud designed the study, conducted the experiment and 
provided the original version of manuscript. 
-B. Chebli, E. H. Mayad., M. Alouani, J. N. Furze and T. Paulitz contributed 
subjectively and corrected the final version of the manuscript. 
 - H. Lahmyed and A. Ajerrar provided support during antifungal tests. 
 
Ethics approval and consent to participate 
Not applicable 
 
Consent for publication  
The manuscript has been read and approved by all named authors.  
 
Acknowledgements 
Not applicable 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

66 

 

References  
Abou Hadid A F. (2013). Good Agricultural Practices for Greenhouse Vegetable 
Crops: Principles for Mediterranean Climate Areas. 137–148 pages. 

Ait Hou M., Grazia C. and Malorgio G. (2015). Food safety standards and 
international supply chain organization: Acase study of the Moroccan fruit and 
vegetable exports. Food Control. 55. p. 190–9. 
https://doi.org/10.1016/j.foodcont.2015.02.023 

Amkraz N., Boudyach E H., Boubaker H., Bouizgarne B. and Ait Ben Aoumar A. 
(2010). Screening for fluorescent pseudomonades, isolated from the rhizosphere of 
tomato, for antagonistic activity toward Clavibacter michiganensis subsp. 
michiganensis. World Journal of Microbiology and Biotechnology. 26 (6). p. 1059–65. 
https://doi.org/10.1007/s11274-009-0270-5 

Bakker A W. and Schippers B. (1987). Microbial cyanide production in the 
rhizosphere in relation to potato yield reduction and Pseudomonas SPP-mediated 
plant growth-stimulation. Soil Biology and Biochemistry. 19 (4). p. 451–7. 
https://doi.org/10.1016/0038-0717(87)90037-X 

Borges Á V., Saraiva R M. and Maffia L A. (2014). Key factors to inoculate Botrytis 
cinerea in tomato plants. Summa Phytopathologica. 40 (3). p. 221–5. 
https://doi.org/10.1590/0100-5405/1929 

Bossis E., Lemanceau P., Latour X. and Gardan L. (2003). The taxonomy of 
Pseudomonas fluorescens and Pseudomonas putida : current status and need for 
revision. Agronomie. 20 (1). p. 51–63. https://doi.org/10.1051/agro:2000112 

Bryk H., Dyki B. and Sobiczewski P. (1998). Antagonistic effect of Erwinia herbicola 
on in vitro spore germination and germ tube elongation of Botrytis cinerea and 
Penicillium expansum. BioControl. p. 97–106. 
https://doi.org/10.1023/A:1009914612914 

Cattelan A J., Hartel P G. and Fuhrmann J J. (1999). Screening for Plant Growth-
Promoting Rhizobacteria to Promote Early Soybean Growth. Soil Science Society of 
America Journal. 63 (6). p. 1670–80. https://doi.org/10.2136/sssaj1999.6361670x 

Chang W T., Chen Y C. and Jao C L. (2007). Antifungal activity and enhancement of 
plant growth by Bacillus cereus grown on shellfish chitin wastes. Bioresource 
Technology. 98 (6). p. 1224–30. https://doi.org/10.1016/j.biortech.2006.05.005 

Chaouachi M., Marzouk T., Jallouli S., Elkahoui S., Gentzbittel L., Ben C. and Djébali 
N. (2021). Activity assessment of tomato endophytic bacteria bioactive compounds 
for the postharvest biocontrol of Botrytis cinerea. Postharvest Biology and 
Technology. 172. p. 111389. https://doi.org/10.1016/j.postharvbio.2020.111389 

Chen X., Wang Y., Gao Y., Gao T. and Zhang D. (2019). Inhibitory abilities of 
Bacillus isolates and their culture filtrates against the gray mold caused by Botrytis 
cinerea on postharvest fruit. Plant Pathology Journal. 35 (5). p. 425–36. 
https://doi.org/10.5423/PPJ.OA.03.2019.0064 

https://doi.org/10.2136/sssaj1999.6361670x
https://doi.org/10.1016/j.biortech.2006.05.005


                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

67 

 

Chernin L., Ismailov Z., Haran S., Chet I., Chernin L., Ismailov Z. and Haran S. 
(1995). Chitinolytic Enterobacter agglomerans Antagonistic to Fungal Plant 
Pathogens . These include : Chitinolytic Enterobacter agglomerans Antagonistic to 
Fungal Plant Pathogens. 61 (5). p. 1720–6. 

Chung W H., Chung W C., Ting P F., Ru C C., Huang H C. and Huang J W. (2009). 
Nature of Resistance to Methyl Benzimidazole Carbamate Fungicides in Fusarium 
oxysporum f.sp. lilii and F. oxysporum f.sp. gladioli in Taiwan. Journal of 
Phytopathology. 157 (11–12). p. 742–7. https://doi.org/10.1111/j.1439-
0434.2009.01545.x 

Compant S., Clément C. and Sessitsch A. (2010). Plant growth-promoting bacteria in 
the rhizo- and endosphere of plants: Their role, colonization, mechanisms involved 
and prospects for utilization. Soil Biology and Biochemistry. 42 (5). p. 669–78. 

Conrath U., Pieterse C M J. and Mauch-Mani B. (2002). Priming in plant-pathogen 
interactions. Trends in Plant Science. 7 (5). p. 210–6. 

Dutta S., Yu S ‐M., Jeong S C. and Lee Y H. (2020). High‐throughput analysis of 
genes involved in biocontrol performance of Pseudomonas fluorescens NBC275 
against Gray mold. Journal of Applied Microbiology. 128 (1). p. 265–79. 
https://doi.org/10.1111/jam.14475 

Eckert J W. and Ogawa J M. (1988). The Chemical Control of Postharvest Diseases: 
Deciduous Fruits, Berries, Vegetables and Root/Tuber Crops. Annual Review of 
Phytopathology. 26 (1). p. 433–69. 
https://doi.org/10.1146/annurev.py.26.090188.002245 

Elad Y. (1985). The Role of Competition for Iron and Carbon in Suppression of 
Chlamydospore Germination of Fusarium spp. by Pseudomonas spp. 
Phytopathology. 75 (9). p. 1053. https://doi.org/10.1094/phyto-75-1053 

Elad Y., Yunis H. and Katan T. (1992). Multiple fungicide resistance to 
benzimidazoles, dicarboximides and diethofencarb in field isolates of Botrytis cinerea 
in Israel. Plant Pathology. 41 (1). p. 41–6. 

Elshafie H., Camele I., Racioppi R., Scrano L., Iacobellis N. and Bufo S. (2012). In 
Vitro Antifungal Activity of Burkholderia gladioli pv. agaricicola against Some 
Phytopathogenic Fungi. International Journal of Molecular Sciences. 13 (12). p. 
16291–302. https://doi.org/10.3390/ijms131216291 

El-Shatoury S A., Ameen F., Moussa H., Abdul Wahid O., Dewedar A. and AlNadhari 
S. (2020).  Biocontrol of chocolate spot disease ( Botrytis cinerea ) in faba bean using 
endophytic actinomycetes Streptomyces : a field study to compare application 
techniques . PeerJ. 8. p. e8582. https://doi.org/10.7717/peerj.8582 

El-Tarabily K A. (2006).Rhizosphere-competent isolates of streptomycete and non-
streptomycete actinomycetes capable of producing cell-wall-degrading enzymes to 
control Pythium aphanidermatum damping-off disease of cucumberIn. Canadian 
Journal of Botany. p . 211–22. 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

68 

 

Falkow S. (1958). Activity of lysine decarboxylase as an aid in the identification of 
Salmonellae and Shigellae. Technical bulletin of the Registry of Medical 
Technologists. 28 (5). p. 106–8. 

Fiddaman P J. and Rossall S. (1993). The production of antifungal volatiles by 
Bacillus subtilis. Journal of Applied Bacteriology. 74 (2). p. 119–26. 

Frankowski J., Lorito M., Scala F., Schmid R., Berg G. and Bahl H. (2001). 
Purification and properties of two chitinolytic enzymes of Serratia plymuthica HRO-
C48. Archives of Microbiology. 176 (6). p. 421–6. 
https://doi.org/10.1007/s002030100347 

Gao P., Qin J., Li D. and Zhou S. (2018). Inhibitory effect and possible mechanism of 
a Pseudomonas strain QBA5 against gray mold on tomato leaves and fruits caused 
by Botrytis cinerea. PLoS ONE. 13 (1). https://doi.org/10.1371/journal.pone.0190932 

Halime S., Chtaina N., Mokhtari W. and El Aissami A. (2019). First report of botrytis 
resistance in red berries fruit towards fenhaxamid and fludioxonil + cyprodinil mixture, 
and its sensitivity feature towards other single site fungicides in morocco. Pakistan 
Journal of Phytopathology. 31 (2). p. 229–36. 
https://doi.org/10.33866/phytopathol.031.02.0515 

Hoffland E., Pieterse C M J., Bik L. and van Pelt J A. (1995). Induced systemic 
resistance in radish is not associated with accumulation of pathogenesis-related 
proteins. Physiological and Molecular Plant Pathology. 46 (4). p. 309–20. 
https://doi.org/10.1006/pmpp.1995.1024 

Jaaffar A K M., Parejko J A., Paulitz T C., Weller D M. and Thomashow L S. (2017). 
Sensitivity of Rhizoctonia isolates to phenazine-1-carboxylic acid and biological 
control by phenazine-producing Pseudomonas spp. Phytopathology. 107 (6). p. 692–
703. https://doi.org/10.1094/PHYTO-07-16-0257-R 

Janisiewicz W J. and Roitman J. (1988). Janisiewicz 1988 - Biological control of blue 
mold and gray mould on apple and pear with Pseudomonas cepacia.pdf. 
Phytopathology. 78 (12). p. 1697–700. 

Jha B K., Gandhi Pragash M., Cletus J., Raman G. and Sakthivel N. (2009). 
Simultaneous phosphate solubilization potential and antifungal activity of new 
fluorescent pseudomonad strains, Pseudomonas aeruginosa, P. plecoglossicida and 
P. mosselii. World Journal of Microbiology and Biotechnology. 25 (4). p. 573–81. 
https://doi.org/10.1007/s11274-008-9925-x 

Jurick W M., Macarisin O., Gaskins V L., Park E., Yu J., Janisiewicz W. and Peter K 
A. (2017). Characterization of Postharvest Fungicide-Resistant Botrytis cinerea 
Isolates From Commercially Stored Apple Fruit. Am Phytopath Society. 107 (3). p. 
362–8. https://doi.org/10.1094/PHYTO-07-16-0250-R 

Kaur R. (2003). Characterization Of Selected Isolates Of Nonpathogenic Fusarium 
Oxysporum, Fluorescent Pseudomonads And Their Efficacy Against Chickpea Wilt. 
(PhD Thesis) Ludhiana, Punjab Agricultural University. 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

69 

 

Kaur R., Singh R S. and Alabouvette C. (2007). Antagonistic activity of selected 
isolates of fluorescent Pseudomonas against Fusarium oxysporum f. sp. ciceri. Asian 
Journal of Plant Sciences. 6 (3). p. 446–54. 
https://doi.org/10.3923/ajps.2007.446.454 

King E O., Ward M K. and Raney D E. (1954). Two simple media for the 
demonstration of pyocyanin and fluorescin. The Journal of Laboratory and Clinical 
Medicine. 44 (2). p. 301–7. https://doi.org/10.5555/uri:pii:002221435490222X 

Kumari S. and Khanna V. (2014). Effect of antagonistic Rhizobacteria coinoculated 
with Mesorhizobium ciceris on control of fusarium wilt in chickpea ( Cicer arietinum L 
.). 8 (12). p. 1255–65. https://doi.org/10.5897/AJMR2013.6481 

Lange L., Breinholt J., Rasmussen F W. and Nielsen R I. (1993). Microbial 
fungicides—the natural choice. Pesticide Science. 39 (2). p. 155–60. 
https://doi.org/10.1002/ps.2780390209 

Lavicoli A., Boutet E., Buchala A. and Métraux J-P. (2003). Induced Systemic 
Resistance in Arabidopsis thaliana in Response to Root Inoculation with 
Pseudomonas fluorescens CHA0. Molecular Plant-Microbe Interactions. 16 (10). p. 
851–8. https://doi.org/10.1094/MPMI.2003.16.10.851 

Lugtenberg B. and Kamilova F. (2009). Plant-Growth-Promoting Rhizobacteria. 
Annual Review of Microbiology. 63 (1). p. 541–56. 
https://doi.org/10.1146/annurev.micro.62.081307.162918 

Magnin-Robert M., Trotel-Aziz P., Quantinet D., Biagianti S. and Aziz A. (2007). 
Biological control of Botrytis cinerea by selected grapevine-associated bacteria and 
stimulation of chitinase and β-1,3 glucanase activities under field conditions. 
European Journal of Plant Pathology. 118 (1). p. 43–57. 
https://doi.org/10.1007/s10658-007-9111-2 

Mari M., Guizzardi M., Brunelli M. and Folchi A. (1996). Postharvest biological control 
of grey mould (Botrytis cinerea Pers.: Fr.) on fresh-market tomatoes with Bacillus 
amyloliquefaciens. Crop Protection. 15 (8). p. 699–705. 
https://doi.org/10.1016/S0261-2194(96)00042-7 

Martínez-Romero D., Serrano M., Bailén G., Guillén F., Zapata P J., Valverde J M., 
Castillo S., Fuentes M. and Valero D. (2008). The use of a natural fungicide as an 
alternative to preharvest synthetic fungicide treatments to control lettuce deterioration 
during postharvest storage. Postharvest Biology and Technology. 47 (1). p. 54–60. 
https://doi.org/10.1016/j.postharvbio.2007.05.020 

Meziane H., Van Der Sluis I., Van Loon L C., Höfte M. and Bakker P A H M. (2005). 
Determinants of Pseudomonas putida WCS358 involved in inducing systemic 
resistance in plants. Molecular Plant Pathology. 6 (2). p. 177–85. 
https://doi.org/10.1111/j.1364-3703.2005.00276.x 

 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

70 

 

Mitter B., Petric A., Sg Chain P., Trognitz F., Nowak J., Compant S. and Sessitsch A. 
(2013). Genome Analysis, Ecology, and Plant Growth Promotion of the Endophyte 
Burkholderia phytofirmans Strain PsJN. In Molecular Microbial Ecology of the 
Rhizosphere. John Wiley and Sons. p. 865–74. 

Mónaco C., Dal Bello G., Rollán M C., Ronco L., Lampugnani G., Arteta N., Abramoff 
C., Aprea A., Larran S. and Stocco M. (2009). Biological control of Botrytis cinerea on 
tomato using naturally occurring fungal antagonists. Archives of Phytopathology and 
Plant Protection. 42 (8). p. 729–37. https://doi.org/10.1080/03235400701390646 

Ni L. and Punja Z K. (2019). Management of Fungal Diseases on Cucumber 
(Cucumis sativus L.) and Tomato (Solanum lycopersicum L.) Crops in Greenhouses 
Using Bacillus subtilis. Springer, Cham. p. 1–28. 

Parke J L., Moen R., Rovira A D. and Bowen G D. (1986). Soil water flow affects the 
rhizosphere distribution of a seed-borne biological control agent, Pseudomonas 
fluorescens. Soil Biology and Biochemistry. 18 (6). p. 583–8. 
https://doi.org/10.1016/0038-0717(86)90079-9 

Paulin M M., Novinscak A., Lanteigne C., Gadkar V J., Filion M. and Master E R. 
(2017). Interaction between 2,4-Diacetylphloroglucinol-and Hydrogen Cyanide-
Producing Pseudomonas brassicacearum LBUM300 and Clavibacter michiganensis 
subsp. michiganensis in the Tomato Rhizosphere PLANT MICROBIOLOGY crossm 
Downloaded from. aem.asm.org 1 Applied and Environmental Microbiology. 83. p. 
73–90. https://doi.org/10.1128/AEM 

Price D. (1979). Botryotinia and Botrytis species: taxonomy, physiology and 
pathogenicity. Transactions of the British Mycological Society. 72 (3). p. 525. 
https://doi.org/10.1016/S0007-1536(79)80175-8 

Qessaoui R., Bouharroud R., Furze J N., El Aalaoui M., Akroud H., Amarraque A., 
Vaerenbergh J Van., Tahzima R., Mayad E H. and Chebli B. (2019a). Applications of 
New Rhizobacteria Pseudomonas Isolates in Agroecology via Fundamental 
Processes Complementing Plant Growth. Scientific Reports. 9 (1). p. 1–10. 
https://doi.org/10.1038/s41598-019-49216-8 

Qessaoui R., Rachid B., Abderahim A., Hind L., Abdelhadi A., Naima A A., 
Abdelghani T., El Hassan M. and Bouchra C. (2019b). Effect of Pseudomonas as a 
Preventive and Curative Control of Tomato Leafminer Tuta absoluta (Lepidoptera: 
Gelechiidae). Journal of Applied Sciences. 19 (5). p. 473–9. 
https://doi.org/10.3923/jas.2019.473.479 

Ramette A., Frapolli M., Défago G. and Moënne-Loccoz Y. (2003). Phylogeny of 
HCN synthase-encoding hcnBC genes in biocontrol fluorescent pseudomonads and 
its relationship with host plant species and HCN synthesis ability. Molecular Plant-
Microbe Interactions. 16 (6). p. 525–35. https://doi.org/10.1094/MPMI.2003.16.6.525 

 

 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

71 

 

Rguez S., Ben Slimene I., Abid G., Hammemi M., Kefi A., Elkahoui S., Ksouri R., 
Hamrouni Sellami I. and Djébali N. (2020). Tetraclinis articulata essential oil reduces 
Botrytis cinerea infections on tomato. Scientia Horticulturae. 266. p. 109291. 
https://doi.org/10.1016/j.scienta.2020.109291 

Rupp S., Plesken C., Rumsey S., Dowling M., Schnabel G., Weber R W S. and Hahn 
M. (2017). Botrytis fragariae, a new species causing gray mold on strawberries, 
shows high frequencies of specific and efflux-based fungicide resistance. Applied 
and Environmental Microbiology. 83 (9). https://doi.org/10.1128/AEM.00269-17 

Sadfi-Zouaoui N., Essghaier B., Hajlaoui M R., Fardeau M L., Cayaol J L., Ollivier B. 
and Boudabous A. (2007a). Ability of Moderately Halophilic Bacteria to Control Grey 
Mould Disease on Tomato Fruits. Journal of Phytopathology. 0 (0). p. 
070916230454003-??? https://doi.org/10.1111/j.1439-0434.2007.01329.x 

Sadfi-Zouaoui N., Essghaier B., Hannachi I., Hajlaoui M R. and Boudabous A. 
(2007b). First report on the use of moderately halophilic bacteria against stem canker 
of greenhouse tomatoes caused by Botrytis cinerea. Annals of Microbiology. 57 (3). 
p. 337–9. https://doi.org/10.1007/BF03175069 

Schwyn B. and Neilands J B. (1987). Universal chemical assay for the detection and 
determination of siderophores. Analytical Biochemistry. 160 (1). p. 47–56. 
https://doi.org/10.1016/0003-2697(87)90612-9 

Sharma R R., Singh D. and Singh R. (2009). Biological control of postharvest 
diseases of fruits and vegetables by microbial antagonists: A review. Biological 
Control. 50 (3). p. 205–21. 

Smibert R M. and Krieg N R. (1994). Phenotypic characterization. In Methods for 
General and Molecular Bacteriology. American Society for Microbiology. p. 791. 

Sneh B. (1984). Chlamydospore Germination of Fusarium oxysporum f. sp. 
cucumerinum as Affected by Fluorescent and Lytic Bacteria from a Fusarium-
Suppressive Soil. Phytopathology. 74 (9). p. 1115. https://doi.org/10.1094/phyto-74-
1115 

Souad L., Ait Barka E., Clément C. and Ouhdouch Y. (2008). Antagonistic 
actinomycetes from Moroccan soil to control the grapevine gray mold 
VineMicrobiome: A deep analysis of the natural microbial community of Vitis vinifera 
View project Microbial Dynamics Characterization during the Composting Process of 
Organic Wastes View project. Article in World Journal of Microbiology and 
Biotechnology. 25 (1). p. 81–91. https://doi.org/10.1007/s11274-008-9864-6 

Stanier R Y., Palleroni N J. and Doudoroff M. (1966). The aerobic pseudomonads: a 
taxonomic study. Journal of general microbiology. 43 (2). p. 159–271. 
https://doi.org/10.1099/00221287-43-2-159 

 

 



                               Qessaoui R. et aI. (2021). AFRIMED AJ –Al Awamia (131). p. 50-72 

 

72 

 

Syed Ab Rahman S F., Singh E., Pieterse C M J. and Schenk P M. (2018). Emerging 
microbial biocontrol strategies for plant pathogens. Plant Science. 267. p. 102–11. 

Van Loon L C., Bakker P A H M. and Pieterse C M J. (1998). Systemic resistance 
induced by rhizosphere bacteria. Annual Review of Phytopathology. 36. p. 453–83. 
https://doi.org/10.1146/annurev.phyto.36.1.453 

Verhagen B W M., Trotel-Aziz P., Couderchet M., Höfte M. and Aziz A. (2010). 
Pseudomonas spp.-induced systemic resistance to Botrytis cinerea is associated with 
induction and priming of defence responses in grapevine. Journal of Experimental 
Botany. 61 (1). p. 249–60. https://doi.org/10.1093/jxb/erp295 

Verhagen B., Trotel-Aziz P., Jeandet P., Baillieul F. and Aziz A. (2011). Improved 
resistance against Botrytis cinerea by grapevine-associated bacteria that induce a 
prime oxidative burst and phytoalexin production. Phytopathology. 101 (7). p. 768–
77. https://doi.org/10.1094/PHYTO-09-10-0242 

Vignatti P., Gonzalez M E., Jofré E C., Bolívar-Anillo H J., Moraga J., Viaud M., 
Collado I G. and Pieckenstain F L. (2020). Botrydial confers Botrytis cinerea the 
ability to antagonize soil and phyllospheric bacteria. Fungal Biology. 124 (1). p. 54–
64. https://doi.org/10.1016/j.funbio.2019.11.003 

Xiao X., Wang J. and Wu L. (2008). Antagonistic effects of volatiles generated by 
Bacillus subtilis on spore germination and hyphal growth of the plant pathogen, 
Botrytis cinerea. Article in Biotechnology Letters. 30 (5). p. 919–23. 
https://doi.org/10.1007/s10529-007-9626-9 

Zamioudis C. and Pieterse C M J. (2012). Modulation of host immunity by beneficial 
microbes. Molecular Plant-Microbe Interactions. 25 (2). p. 139–50. 

 
 


