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ABSTRACT10
Aims: This study investigated the efficiency of some bioagents and fungicides against
causals agents of gummosis of citrus.
Study design: Antifungal activities of bioagents and effect of fungicides.
Place and Duration of Study: Department of Biological Sciences and Plant Protection,
Higher Institute of Agronomy of Chott Mariem, 4042, Sousse, Tunisia, between June 2015
and July 2015.
Methodology: Antifungal activity was carried out using dual culture and sandwich plate
methods. Antibacterial activity was carried out using bacterial suspension; while fungicide
effect was carried out using food poisoned technique. The mycoparasitim of fungal
antagonists was also determined.
Results: The tested bioagents and fungicides showed significantly effect on mycelial growth
inhibition of the pathogens compared to the control. In the dual culture assay, the highest
percent of the mycelia growth inhibition (90%) was obtained by T. viride and T. harzianum.
However, P. digitatum and P. italicum revealed to be the least effective with, respectively,
70% and 60% of growth inhibition. The effect of volatile substances of these bioagents
showed also that T. viride exhibited the highest percent of inhibition (85%), followed by T.
harzianum (75%), P. digitatum (60%) and P. italicum (50%). The mycoparasitim was also
noted. Bacillus isolates were found significantly effective in reducing the mycelial growth of
the Oomycota species, with a percent of mycelium inhibition verging from 95% to 54%.
However, copper fungicides generated the highest percent of the mycelial growth inhibition
(100%), following by the acid citric and borax fungicides which recorded a percent of the
mycelial growth inhibition of 10.82% and 12.93%, respectively.
Conclusion: Thus the study indicated that the integration of bioagents can provide a better
management of the gummosis of citrus.
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1. INTRODUCTION15
Citrus is one of the most important tropical fruit crops of the world [1]. Citrus fruits occupied16
the third place after apple and banana and accounts for the production of about 100 million T17
with massive area of cultivation spread over 7.2 million hectares [2]. In Tunisia, citrus18
production is also important. However, this culture is susceptible to a large number of19
diseases due to fungi and virus, causing serious losses to the yield. Gummosis becomes20
one of the most destructive diseases to citrus production in Tunisia.21
To control this disease copper fungicides are largely used. However, this metal is heavy and22
could be accumulated in the soil. Besides environmental concerns, the repeated applications23
of these fungicides could lead to a resistance by pathogens [3]. Thus, the reduction in the24
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use of chemicals products against plant pathogens became an inevitable task due to their25
severe risks on humans, animals, plants and environment [4].26
In view of this, international organizations have raised a global call to promote maize27
production through biological approaches, being environmentally friendly and cost- effective28
[5]. Therefore, alternative treatments for control of gummosis are needed.29
The development of formulation and delivery systems for biocontrol by using antagonistic30
microorganisms to suppress soil borne pathogens is of great importance [6]. Thus, promising31
strategies of managing plant pathogens include microbial antagonists such as fungi, and32
bacteria have been used [4].33
Sivan [7] showed that Bacillus spp. gave a highly antagonistic effect against some34
pathogenic fungi. Whipps and Lumsden [8] and McLean et al. [9] demonstrated that35
Trichoderma species are effective biological control agents of plant diseases caused by soil-36
borne fungi.37
This disease management, as mediated by biocontrol agents, is the consequence of the38
interactions between the plant, pathogens and the microbial community [10].39
Moreover, Anitha and Dass [11] reported that the soil-borne plant pathogens, affecting40
agricultural plants could be controlled by using Trichoderma species and Bacillus subtilis.41
Thus, the objectives of the present research were to study the efficiency of some42
antagonistic bioagents and fungicides against Phytophthora, Phytopythium and Pythium43
species causals agents of gummosis of citrus in Tunisia.44
2. MATERIAL AND METHODS45
2.1. Pathogens used46
Two species of Phytophthora (P. nicotianae, P. cryptogea), three species of Pythium (P.47
dissotocum, P. aphanidermatum, and P. ultimum) and 2 species of Phytopythium (P.48
mercuriale, P. vexans) were used during the assays in-vitro. These isolates had been49
obtained from infected fields of citrus by gummosis in Tunisia (Table1).50

51
Table1. Characteristics of the pathogens used for the biocontrol assays.52

53
Species Isolates Date of collection Origin Organ of isolation
Phytophthora nicotianae P.119 27/09/2013 Slimen Soil
Phytophthorara cryptogea P.101 04/09/2013 Hawaria Soil
Phytopythium vexans P.25 22/02/2012 Bnikhaled Trunk
Pythium dissotocum P.61 01/06/2012 Bouargoub Soil
Phytopythium mercuriale P.121 29/09/2013 Takelsa Trunk
Pythium aphanidermatum P.38 28/05/2012 Bouargoub Trunk
Pythium ultimum P.30 31/05/2012 Takilsa Soil

54

2.2. In-vitro assays of bioagents55
Four isolates of antagonists fungi (Trichoderma viride, Trichoderma harzianum, Penicillium56
italicum and Penicillium digitatum) and 16 isolates of Bacteria (Bacillus spp.) has been used57
during the assays in-vitro. The fungal antagonist was taken from the fungal collection of the58
Phytopathological laboratory, I.S.A of Chott Mariem, Sousse, Tunisia. Bacterial antagonists59
were kindly provided by Pr. Slim Tounsi, from the Biotechnology Center of Sfax, Tunisia.60
Fungal antagonist cultures were grown in Petri plates containing PDA medium (Potato61
Dextrose Agar) for 5 days and the bacteria antagonist were grown in the medium NA62
(Nutrient agar) for 2 days, before used.63
2.2.1. Effect of fungal antagonist metabolic on the mycelial growth inhibition of64
pathogens65
The dual culture method was used to evaluate the antagonistic effects of the fungi. Plug of 5-66
mm of diameter of pathogen and a similar size of plug of antagonist fungi, of 5-day-old-67
cultures, were placed at the periphery of Petri plate ( 90 mm) with a 30 mm of distance68
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between the two plugs (Fig. 1.a). For the control, just a plug of pathogen was placed in the69
Petri plate. The plates were incubated at 25°C in the dark. There were four replicates for70
each pathogen–antagonist combination and the test was repeated twice. The ability of the71
fungi either to inhibit or colonize pathogen growth was taken as hyper parasitism. The radial72
growth of the pathogen was measured daily and the inhibition percent was calculated. Linear73
growth of the tested pathogen was recorded when the control treatments covered the plate74
surface. Antagonist reaction on mycelia of the pathogens such as penetration and twisting75
was observed under Leica microscope.76
2.2.2. Effect of volatile compounds of antagonist fungi on the radial growth of tested77
pathogens78
The effect of volatiles compounds produced by the selected four antagonist fungi against the79
growth of Oomycota was studied using a sandwich plate technique [12]. Plugs of 5-mm80
diameter, of 5-days-old cultures, of pathogen and antagonist isolates were kept in the middle81
of Petri plates containing 20 mL of PDA medium. Petri plate containing PDA without82
antagonist served as control. The two plates were superposed together and covered with83
Parafilm under aseptic condition and were incubated at 25±1ºC. Four plates were prepared84
for each treatment beside the control and the experiment was repeated twice. The radial85
growth of each pathogen was measured when the control treatments covered the plate86
surface (Fig.1.b).87
2.2.3. Effect of bacterial bioagents on the mycelial growth inhibition of pathogens88
In Petri plates (90 mm), two straight perpendicular lines were drawn. Two plugs of each89
pathogen were putted in one line. These plugs were opposite and were drawn each at 1.590
cm from dish edge. However, the bacteria suspension was introduced in the other91
perpendicular line. Separate control plates, containing just 2 plugs of pathogen were also92
maintained to verify the inhibition percent. The inoculated Petri dishes were incubated at93
25±1°C for 5 days, in the dark. There were four replicates for each pathogen–Bacteria94
combination and the test was repeated twice. The antagonistic effect was determined by95
measuring the longest and shortest free growth zone between the antagonistic bacteria and96
the tested pathogen (Fig.1.c).97
2.3. In-vitro assay of fungicides98
The five fungicides used in this assay are presented in table 2. The fungicides efficiency99
against Phytophthora, Phytopythium and Pythium species was evaluated using the ‘Food100
Poisoned Technique’, as described by Nene and Thapliyal [13].101

102
Table2. Fungicides characteristics used in-vitro test for Oomycota control.103

104

Approved concentration of each fungicide was used and adjusted to 250 ml. A PDA medium105
(250 ml) at 45°C, was mixed with this concentration of fungicide, poured into sterilized Petri106
plates and allowed to solidify. A disc of 5-mm-diameter of each pathogen, of 5-days-old107
culture grown on a PDA medium, was cut with a sterilized corn borer and placed aseptically108
in the center of each Petri plates containing the fungicides and incubated at 25±1°C for 6109
days (Fig.1.d).The plates of Petri containing basal medium with plugs of pathogens were110

Active ingredients Concentration Commercial
names

Manufacturers Doses of
uses

Citric acid + Mint
oil + Adjuvant

16 % + 0,8 % +
48 %

Fungastop AGRIPROTEC 200cc/hl

Borax 10g/L Pre-vam ALMAWSEM
ALFILAHI

300cc/hl

Copper metal 50 % Cuivox STEC 500 g/hl
Copper metal 20 % Bouillie Bordelaise SEPCM 1,5 kg/ha
Copper hydroxide 35 % Kocide 2000 AGRIPROTEC 150g/L
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served as control. Four replicate of each treatment was made, and the assay was repeated111
twice. Colony diameter in each treatment was measured after control plates were fully112
covered with mycelial growth of the test pathogen and percent growth inhibition of the test113
pathogen over control was measured.114

115
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130
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133
134
135

Fig. 1.Techniques used during the different assays: (a) Dual culture technique for136
antagonist fungi assay; (b): Sandwich plate technique for antagonist fungi assay; (c)137

Technique for antagonist bacteria assay; (d): Technique for fungicides assay.138

2.4. Data measured139
All obtained data of in-vitro assays were used to calculate the percent of growth inhibition140
(PGI) of mycelial growth of pathogen isolates according to following formula:141
(PGI = 100 (DC-DT)/DC)142
PGI = percent of inhibition of mycelia growth;143
DC= growth of mycelium for the control (mm);144
DT = length of mycelial growth for the treatment.145
2.5. Statistical analysis146
Differences between percent growth data registered by antagonists and fungicides used147
were subjected to analysis of variance (ANOVA) using SPSS Statistics software for148
Windows 18 (IBM Corporation, Somers, NY, USA). Mean differences were separated149
according to Student Newman-Keuls test (P <0.05). Using STATISTICA version 12.0., data150
of all bioagents and fungicides tested were submitted to a multivariate statistical method of151
cluster analysis, in order to classify in groups of closer similarity, according to their ability to152
reduce growth of pathogens tested. Via the same analyze, the data of pathogens were153
classify in groups, according to their sensibility to bioagents and fungicides used.154
Hierarchical cluster analysis was applied on standardized means of the evaluated variables155
by using the single linkage method, and is shown on a dendrogram.156
3. RESULTS157
3.1. In-vitro assays of bioagents158
3.1.1. Effect of fungal antagonist metabolic on the mycelial growth inhibition of the159
pathogens160

3 cmPathogen Antagonist

PDA medium

Pathogen

Antagonist

PDA medium

Pathogen Bacteria Pathogen

a b

c d
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The dual culture assay generated significant inhibitory effects on the radial growth of the161
seven tested pathogens. This inhibition was clearly discerned by a limited growth or by a162
complete absence of pathogen mycelium.163
T. viride has exhibited the highest inhibition of mycelia growth with an average of inhibition164
between 49% (P. mercuriale) and 90% (P. nicotianae). T. harzianum showed an average of165
inhibition between 45% (P. mercuriale) and 90% (P. nicotianae). For P. digitatum, the level166
of inhibition growth varied between 45% (P. aphanidermatum) and 70% (P. cryptogea).167
However, the lowest inhibition rate was recorded by P. italicum with an average between168
60% (P. nicotianae and P. cryptogea) and 40% (P. mercuriale).169
The data presented in Fig. 2 indicated clearly that there was significant reduction in mycelial170
growth of pathogens. The highest percent of inhibition of mycelial growth was observed in171
the case of P. nicotianae, with 90% of inhibition observed in treatment with T .harzianum.172
However, the lowest percent of growth inhibition was observed in the mycelium of P.173
mercuriale, with 40% of inhibition observed in treatment with T. italicum (Fig. 3).174

175

Fig. 2: Effect of dual cultures of fungi bioagents on mycelial growth of Oomycota species, on176
PDA medium, after 4 days of incubation at 25±1°C.177
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Fig.3: In-vitro evaluation of fungi bioagents (1: T. viride; 2: T. harzianum; 3: P. italicum; 4: P.202
digitatum) on radial growth of Oomycota species (A: P. nicotianae; B: P. cryptogea; C: P.203
vexans; D: P. dissotocum; E: P. mercuriale; F: P. aphanidermatum; G: P. ultimum) in dual204

culture assay after 4 days of incubation, at 25±1°C.205

Microscopic observations, in dual culture method, were examined after 7 days of incubation206
showing an interaction between the antagonistic fungi and the pathogen. This interaction207
was manifested by the concentration of the conidia of antagonist around the mycelium of the208
pathogen, intermingled and coiled of the hyphae of the antagonist around the pathogen209
hyphae (Fig. 4).210

211
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Fig. 4: Antagonistic effects of fungi on the mycelium of Oomycota: (A) Hyphae interaction;228
(B, C) Attachment of conidia of antagonist to hyphae of pathogen; (D) Lysis of hyphae of the229

pathogen.230

3.1.2. Effect of volatile compounds of antagonist fungi on the radial growth of tested231
pathogens232
Results showed the ability of the four fungi antagonist to inhibit the growth mycelium of the233
studied pathogens. T. viride exhibited, after 5 days of incubation, an inhibition rate between234
40.25% (P. mercuriale) and 85% (P. nicotianae). T. harzianum was in the second position,235
with an inhibition of growth between 37% (P. mercuriale) and 75% (P. nicotianae). For P.236
digitatum, the values varied from 40% (P. aphanidermatum) and 60% (P. nicotianae). P.237
italicum reduced the mycelial growth of P. mercurial and P. nicotianae by 40.25% and 50%,238
respectively (Fig. 5).239

240

A B

C D
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Fig. 5: Effect of Sandwich plate assembly technique of fungi bioagents on mycelial growth of241
Oomycota species on PDA medium after 5 days of incubation at 25±1°C.242

243
3.1.3. Effect of bacterial bioagents on the mycelial growth inhibition of pathogens244
Results of the effect of Bacillus spp. against Oomycota species, tested in this investigation245
showed the capacity of these bacteria in reducing the radial growth (Fig. 6). No statistical246
difference has been observed between the isolates of Bacillus. Data present in Fig. 7247
revealed that Bacillus spp. caused the highest mycelial growth reduction of P. nicotianae and248
P. cryptogea (95%), then P. ultimum (85%). Bacillus species revealed to be able to reduce249
the growth mycelial for P. aphanidermatum and P. mercuriale with a percent of growth250
inhibition of 60%. While, the least effect of Bacillus spp. was indicated in case of P. vexans251
(54%) and P. dissotocum (59%).252
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Fig.6: In-vitro evaluation of Bacillus spp. on radial growth of Oomycota species (A : P.263
nicotianae ; B : P. cryptogea ; C : P. ultimum ; D : P. vexans ; E : P. mercuriale; F : P.264

dissotocum ; G : P. aphanidermatum).265
266
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271
272

Fig. 7: Effect of Bacillus spp. on mycelial growth of Oomycota species on PDA medium,273
after 5 days of incubation at 25±1°C.274

275
3.2. In-vitro assay of fungicides276
Obtained results (Table 3), showed a significant difference between the fungicides used at277
the three time of evaluation. Among these fungicides, copper hydroxide and copper metal278
revealed the highest reduction of colony diameter (100%) at the three times of evaluation, for279
all used pathogens. Though there was no significant difference found among treatments and280
between the seven isolates of Oomycota used.281
For the borax and citric acid, an inhibition of mycelium growth of the tested pathogens, has282
been observed, in the second (96h) and third time (144h) of evaluation. Thus, copper283
fungicides were found most effective followed by borax. Fungicide Fungastop (citric acid)284
was found comparatively least effective against all pathogens used (Fig. 8).285
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Table.3: In-vitro effect of different fungicides on the inhibition of radial growth of Oomycota306
species.307

308

309
310
311

312

313

314

315

316

317

318

319

320

Fungicides
Dates of
evaluation Fungastop Bouillie

bordelaise Kocide2000 Cuivox Pre-vam

P. nicotianae
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 3±0.81c 100±0a 100±0a 100±0a 5±0.81b

144h 5±0.81b 100±0a 100±0a 100±0a 12±0c

P. cryptogea
48h 9±1.82c 100±0a 100±0a 100±0a 13.5 ±0.57b

96h 3±0.81c 100±0a 100±0a 100±0a 9±0.81b

144h 0±0b 100±0a 100±0a 100±0a 0±0b

P. vexans
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 4±0.5c 100±0a 100±0a 100±0a 3±0.41b

144h 4±0.73c 100±0a 100±0a 100±0a 5±0.33b

P. ultimum
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 2±0c 100±0a 100±0a 100±0a 3.5±0.48b

144h 3±0c 100±0a 100±0a 100±0a 4±0.2b

P. dissotocum
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 2±0c 100±0a 100±0a 100±0a 5±0b

144h 2±0c 100±0a 100±0a 100±0a 5±0b

P. aphanidermatum
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 3±0c 100±0a 100±0a 100±0a 2±0b

144h 4±0.2c 100±0a 100±0a 100±0a 5±0b

P. mercuriale
48h 0±0b 100±0a 100±0a 100±0a 0±0b

96h 3±0c 100±0a 100±0a 100±0a 3±0b

144h 3±0c 100±0a 100±0a 100±0a 4±0b
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Fig.8: In-vitro evaluation of five fungicides (1: Pre-vam; 2: Bouillie bordelaise; 3: Fungastop;342
4: Cuivox; 5: Kocide2000), on radial growth of Oomycota species (A: P. nicotianae; B: P.343

cryptogea; C: P. ultimum; D: P. dissotocum; E: P. vexans; F: P. mercuriale; G: P.344
dissotocum), after144h of incubation onto PDA medium, at 25±1°C.345

Analysis of the dendrogram of similarity generated by the bioagents and the fungicides, in346
the based on inhibition rate, classified the pathogens into four groups (Fig. 9). One group,347
includes the fungicides how have the highest percent of growth inhibition of the mycelium348
growth of pathogens (Kocide2000, Cuivox and Bouillie bordelaise). However, the two other349
fungicides (borax and acid citric) were grouped in another group. For the bioagents, the350
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dendrogram exhibited a similarity between T. harzianum (DC) and T. viride (SP) and Bacillus351
spp. Compared to the other bioagents, these bioagents showed the highest percent of352
reduction of the mycelium growth. The next group was composed by P. digitatum (DC).353
Compared to the other bioagents tested, these bioagents showed a least percent of354
inhibition of mycelium growth of pathogens used.355

DC: dual culture assay; SP: Sandwich plate.356
Fig. 9: Dendrogram of bioagents and fungicides obtained from average values of percent of357

growth inhibition of mycelium, by pathogens.358

Analysis of the dendrogram of similarity generated by the pathogens used, in the based on359
percent of growth mycelium inhibition showed the presence of two groups (Fig. 10). One360
group formed by P. nicotianae, P. ultimum and P. cryptogea. These pathogens exhibited the361
highest percent of growth reduction of mycelium. However, the pathogens with the lowest362
percent of growth reduction of mycelium (P. vexans, P. dissotocum, P. aphanidermatum and363
P. mercuriale) were grouped in another group.364

365

Fig.10: Dendrogram of similarity between pathogens obtained from average values of366
percent of growth inhibition of mycelium by bioagents and fungicides tested.367
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368
4. DISCUSSION369
In the present study, the evaluated antagonists and fungicides demonstrated an inhibitor370
effect against gummosis pathogens under in-vitro conditions. Among the antagonist test, T.371
viride and T. harzianum proved to be the most effective against pathogens. In fact,372
Trichoderma is a well-known, valuable biological control agent against a broad spectrum of373
plant pathogens [14]. Puri et al. [15] reported also that mycelium of P. parasitica var. piperina374
was inhibited by T. viride and T. harzianum. Kattaleewan et al. [16] recorded 65% of375
inhibition of mycelial growth of P. parasitica by Trichoderma spp. Tran [17] noted the376
inhibitory effect of T. harzianum and T. viride to Phytophthora spp. Singh and Islam [18]377
reveled a  reduction of radial growth of P. nicotianae of 61% by T. harzianum in blank sank378
disease of tobacco. Kanokmedhakul et al. [19] noted inhibitory effect of Trichotoxin 9 against379
P. parasitica of sweet orange. Also, Naseby et al. [20] demonstrated that inoculation with380
Trichoderma strains reduced significantly the Pythium populations. Mishra et al. [21]381
determined the efficacy of culture filtrates of the Trichoderma strains and among the strains382
tested, T. viride was found most effective against P. aphanidermatum. Such similar383
observations have been made by Sharif et al. [22] about Penicillium spp., as a reducer of384
seed and seedling disease caused by Pythium spp.385
Our results showed, an inhibition in the mycelium growth of pathogens used, in the assay of386
sandwich plates. This inhibition could be caused by the volatiles organic compounds emitting387
by Trichoderma [23] and Penicillium species [24].388
For microscopic observations, it was noticed that mycelia of these fungi antagonist grew389
toward mycelia of the pathogens. It was also reported that in some parts fungi mycelia390
twisted around mycelia of the pathogen, suggesting mycoparasitim under the experimental391
conditions. It was demonstrated also the presence of fungi conidia around the mycelium of392
pathogens. Some authors have reported that this attraction may be a chemical tropism due393
to materials or lignin present in pathogen's cell wall or it may be due to production of394
aspersoria, penetrating organs or traps [25; 26]. However, their role in the natural395
environment needs to be clarified.396
On the other hand, data revealed that the antagonistic Bacillus spp. have inhibited the397
mycelium growth of pathogens. Similar results have been reported by many investigators398
[27; 28]. The inhibition in growth of pathogens, by Bacillus spp., could be attributed to399
antibiosis, hyperparasitism [29] or production of chitinase and ß-1,3 glucanase enzymes400
which degrade the cell wall leading to lysis of mycelium of the pathogen [30].401
5. CONCLUSION402
In conclusion, this study has shown that both fungicides and bioagents exhibited effects403
against tested pathogens. The bioagents T. harzianum and T. viride and Bacillus spp was404
the most effective compared to P. digitatum, P. italicum. However, the cupper fungicides was405
the most effective compared the acid citric and borax fungicides. Thus, bioagents can play406
an enormously important role in gummosis control. The suitable integration of these407
bioagents may provide a better management of the disease.408
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