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ABSTRACT 

 

The research was conducted to determine the distribution and aggressiveness of Verticillium wilt on mango in Egypt and to verify 

some alternative control methods to substitute/reduce the use of synthetic fungicides. A survey was carried out in five Egyptian provinces 
known to be the major mango producing areas. The highest disease incidence was observed in Nubaria province (12.1%) followed by 

Ismaelia, Giza, Qalybia and Sharkyia, respectively. Among mango cultivars, Zebda was highly susceptible (22.7%), whereas Kent 

cultivar showed the lowest percentage of disease incidence and severity in all areas. Verticillium dahliae was the most isolated fungi 
occurs during the process of isolation recording (45%) followed by Fusarium solani, F. semitectum and Rhizoctonia solani, respectively. 

Effect of several organic and inorganic salts on V. dahliae- mycelial growth and in soil test was determined in vitro. The activity of salts 

was less effective in soil test compared to PDA test. MIC and ED50 values were determined for all tested salts. Potassium sorbate, 
ammonium bicarbonate and EDTA disodium showed the best performance and completely inhibited V. dahliae growth at 0.25%. As a 

conclusion, with the increase cultivation of mango in areas previously dedicated to horticultural crops, more problems with Verticillium 

wilt are expected and the presence of the disease may represent a threat for mango production in Egypt.  
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INTRODUCTION 

 

Mango (Mangifera indica L.) is generally 

considered one of the most important fruit crop in 

Egypt and is the third mainly economically 

significant fruit tree after citrus and grapes. Egypt 

produces 598084 tons of mango annually and 

considers the world‟s greatest exporter of mango 

juice; it ranked 11
th

 among world mango producing 

countries in 2011 [13]. Furthermore, it is expected 

that commercial and backyard plantings of mango 

trees will continue to increase. Mango as other fruit 

crops suffers from several fungal, bacterial diseases 

and other physiological disorders at all stages of its 

life. Among fungal diseases, Verticillium wilt of 

mango was first reported in Florida [23]. The disease 

was originally attributed to Verticillium albo-atrum 

Reinke & Berthold before recognizing Verticillium 

dahliae Klebahn as a distinct species. Verticillium 

wilt affects a wide range of economically important 

crops and is a disease of increasing importance to 

mango production [28]. It‟s well known that, the 

problem is usually observed in young trees planted 

on land previously cropped to vegetables that are 

also susceptible to this disease. Mango trees begin to 

exhibit symptoms of water stress because 

Verticillium colonizes and blocks the vascular. Trees 

decline and die-back slowly in a more or less random 

fashion in the grove. A key diagnostic feature is 

leaves wilt and die, often in a characteristic “one-

sided” fashion but the dead leaves often remain 

attached to infected branches, giving the tree a fired 

appearance. The only practical control for this 

disease is to avoid agricultural land with a previous 

history of intensive vegetable production [27]. 

Generally, control of soilborne pathogens with 

chemicals is difficult because of their ecological 

behavior, extremely broad host range and the high 
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survival rate of resistant forms such as 

chlamydospores and sclerotia under different 

environmental conditions [37]. As alternatives, salts 

are widely used for controlling pH, taste and texture 

and their antifungal activity has been demonstrated 

on several plant-pathogens systems [3,39,41]. The 

fungicidal efficacy of salts was tested in in vitro 

experiments against a soilborne pathogen Sclerotium 

rolfsii Sacc. [4]. In addition, no fungicides or elicitor 

activators are currently registered in Egypt to control 

Verticillium wilt of mango especially for organic 

production. 

To our knowledge, no intensive studies were 

carried out to verify the actual situation of mango 

wilt caused by Verticillium in Egypt. Based on this 

consideration, the present study was conducted to 

more understand the distribution and aggressiveness 

of Verticillium wilt of mango in Egypt and to find 

some alternative control methods to substitute or 

reduce the use of synthetic fungicides. 

 

Materials And Methods 

 

Symptoms, disease incidence and severity: 

 

General wilt of several mango cultivars was 

observed during 2012 and 2013 in various new lands 

in Egypt. Wilt symptoms were generally more severe 

on young trees than older ones. Individual branch 

die-back and brown streaks in the tissue under the 

bark was also observed (Fig. 1). A survey was 

carried out to assess the distribution of mango wilt in 

different mango orchards located in five Egyptian 

provinces known to be the largest areas cultivating 

and producing mango. For each orchard, 200 mango 

trees were examined. In the field, disease incidence 

and severity for each location was determined by 

visual estimation methods of Tjamos et al. (1991) 

based on foliar visible symptoms. 

 

Isolation of soil-borne pathogens associated with 

mango wilt: 

 

Stems and roots from diseased mango trees were 

washed with tap water. After removal of the outer 

stem cortex, small pieces (0.5 cm
2
) of vascular 

tissues were surface sterilized in 2% sodium 

hypochlorite for 3 minutes then rinsed three times in 

sterile distilled water and dried on sterile filter paper. 

These tissues were placed in Petri plates containing 

2% water agar or acidified potato dextrose agar 

(PDA) containing 2 mL of 25% lactic acid liter
-1

. The 

fungal isolates were cleaned up by sub-culturing 

successively on PDA plates amended with 

streptomycin sulfate (300 mg L
-1

) from the edge of 

actively growing colonies until pure culture of the 

pathogens were obtained. The monoconidial 

subcultures were obtained by single spore technique 

or hyphal tip method according to Ho and Ko [16]. 

The frequency (%) of the isolated fungi was 

separately counted. 

 

Identification of the fungal pathogens: 

 

For morphological identification, the isolated 

fungi were identified based on the morphological and 

cultural characteristics [34,22]. For Verticillium, 

identification was performed based on the type of 

resting structure on artificial agar media. Regarding 

the molecular identification, DNA was extracted and 

amplification was carried out using ITS [35] and 

Verticillium specific primers [11] as shown in Table 

1. 

 

Pathogenicity test: 

 

The cultures of all isolated fungi were grown on 

PDA at 24±1 °C prior for inoculation to test its 

pathogenicity on mango seedlings. Spore suspension 

was prepared and adjusted to 10
7
 conidia mL

-1
. Six-

month mango seedlings were uprooted and 

inoculated by using the root-dip technique. Roots 

were washed with running water and placed for 15 

min in the conidial suspension. Seedlings were 

dipped in sterile distilled water were served as a 

control. The inoculated seedlings were transplanted 

to pots (one seedling per pot) containing a mixture of 

peatmoss, vermiculate, and perlite (1:1:1, v/v/v) and 

arranged in a completely randomized design. Mango 

seedlings were kept in glasshouse benches at 24±1 

°C. Two months after inoculation, seedlings were 

monitored for the development of wilt and root rot 

symptoms. 

 

Effect of salts on mycelial growth of V. dahlia: 

 

The effect of sixteen organic and inorganic salts 

on the mycelial growth of V. dahliae was assayed in 

PDA medium according to Youssef et al., [40]. 

Radial growth of V. dahliae was calculated as the 

average of the orthogonal diameter; the results were 

expressed as minimum inhibitory concentration 

(MIC) and the concentration of salts that caused 50% 

reduction (ED50) determined using SAS probit 

analysis (Sas Institute, Cary, NC, USA) according to 

Arslan et al. [4]. The percentage of reduction in 

colony diameter was also determined. 

 

In vitro soil test: 

 

The most effective seven salts were selected 

from the previous experiment and evaluated against 

V. dahliae on cornmeal-sand medium (CSM) in soil. 

The medium was prepared as described [4] with a 

slight modification. The ratio of sand to corn was 1 

to 8 and 45 g of medium was placed in glass Petri 

plates. The Petri plates containing medium were 

sterilized in a laboratory oven at 130 °C for 5 h. A 

mycelial disc (5 mm diameter), taken from 14-day-
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old Verticillium culture in PDA medium, were 

placed in center of plates including CSM. The 

desired concentrations of salts 0.25, 0.5, 1.0, 2.0, and 

3%, (w/v) were prepared in sterile distilled water and 

12 mL from each solution was added to CSM 

homogeneously. CSM containing only water served 

as a control. The plates were incubated at 24±1 °C in 

the dark and mycelial growth area of V. dahliae was 

measured after removal of the lids of Petri plates by 

placing a transparent acetate paper. In order to verify 

the pH in the CSM, 45 g of medium was randomly 

sampled from the treatments and then 20 mL of 

sterile distilled water added to each soil sample 

according to Arslan et al. [4]. 

 

Statistical analysis: 

 

All experiments were set up in a complete 

randomized design. The experimental data were 

subjected to one way analysis of variance (ANOVA) 

using Statistica 6.0 software. Fisher‟s protected least 

significant difference was used at P ≤ 0.05 levels to 

distinguish the differences between various 

treatments. 

 

Results: 

 

Disease incidence and severity: 

 

To assess the distribution of mango wilt, a 

survey was carried out in five Egyptian provinces 

namely Nubaria, Ismaelia, Giza, Qalybia, and 

Sharkyia known to be the largest areas cultivating 

and producing mango (Table 2). In average, the 

highest disease incidence was observed in Nubaria 

province (12.1%) followed by Ismaelia, Giza, 

Qalybia, and Sharkyia (9.1, 6.9, 6.1, 5.7%, 

respectively). Regarding mango cultivars, Zebda 

showed the highest disease incidence (22.7%) 

followed by Taimour, Fagri Kalan, Ewase, Sidik, and 

Kent with incidence around 11.4, 4.2, 4.1, 3.8 and 

1.9%, respectively. The disease severity was also 

assessed (Table 3), Nubaria province had the highest 

percentage of disease severity. Also, Kent cultivar 

showed the lowest percentage of disease incidence 

and severity in all areas. 

 

Isolation of soil-borne pathogens associated with 

mango wilt: 

 

The frequency of the isolated fungi associated 

with mango wilt was separately calculated and was 

varied from site to another as recorded in Table 4. In 

general, V. dahliae was the most isolated fungi 

occurs during the process of isolation recording 

(45%) followed by Fusarium solani, F. semitectum 

and Rhizoctonia solani recording 21, 19 and 15%, 

respectively. 

 

Identification of fungal pathogens: 

For molecular confirmation, selected 

Verticillium isolates were identified using ITS and 

specific primers. A fragment approximately 580 bp 

specific for V. dahliae was obtained using species-

specific primers Vd19F/Vd22R. Also, a fragment 

approximately 500 bp was amplified using ITS 

primers ITS1F/ITS4R (Fig. 2A and 2B), confirming 

the morphological identification. The fragment of the 

expected size was achieved from the positive 

controls and no amplification was achieved with the 

negative controls. BLAST in NCBI GenBank 

database was performed and the obtained sequences 

were compared to database of known sequences. 

Three fungal isolates were sequenced and the 

sequence obtained from ITS region of Verticillium 

spp. showed a high similarity with 99% to V. dahliae 

(accession numbers FJ900217.1 and FJ900175.1) 

present in GenBank. ITS rRNA gene sequences were 

deposited in GenBank with the accession numbers 

(KF878394, KF878395 and KF878396). 

  
Pathogenicity test: 

 

After two months of inoculation, symptoms 

caused by V. dahliae were observed on inoculated 

mango seedlings (Fig. 3) and the control seedlings 

inoculated in sterile water remained healthy. The 

causal agent was re-isolated from the stem and root 

of inoculated plants and Koch's postulates were 

confirmed. V. dahliae was responsible for wilt and 

root rot symptoms while the other fungi caused root 

rot only. In general, chlorosis and wilt were the most 

common symptoms appeared on the artificially 

infected mango plants. 

 

Effect of salts on mycelial growth of V. dahlia: 

 

Organic and inorganic salts showed variable 

effect against V. dahliae in a colony growth assay. 

MIC and ED50 were recorded for all tested salts 

(Table 5). Potassium sorbate, ammonium bicarbonate 

and EDTA disodium showed the best performance 

and completely inhibited V. dahliae growth at 0.25%. 

MIC for both calcium chelate and iron sulfate was 

0.5%. MIC was achieved at 1 and 3% for ammonium 

oxalate and sodium silicate, respectively. In contrast, 

no MIC values were recorded for the other salts till 

3% (the maximum concentration used). 

 

In vitro soil test: 

 
The best seven salts were selected and tested in 

vitro in soil test. Potassium sorbate, calcium chelate, 
iron sulfate, ammonium bicarbonate, ammonium 
oxalate, and EDTA disodium completely inhibited V. 
dahliae growth at 0.5, 1.0, 0.5, 0.5, 1.0 and 0.5%, 
respectively. For sodium silicate, no complete 
inhibition was observed till the maximum 
concentration used but a reduction of around 73.7% 
was achieved at 3%. Sodium silicate and ammonium 
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bicarbonate slightly increased the pH of soil. The rate 
of pH increase was obviously higher in sodium 
silicate as compared to other salts, reached 12.6 at 
3% (Table 6). 

 
Discussion: 

 
The objective of this study was to better realize 

the situation of mango wilt including symptoms and 
distribution in different provinces in Egypt. 
Preliminary results of this study indicated that 
different soil-borne pathogens were present in all 
investigated areas. V. dahliae, F. solani, F. 
semitectum, and R. solani were the most prevalent 
pathogens isolated from wilted mango trees. 
Similarly, a survey carried out in Sicily (Italy) 
investigated that Ph. nicotianae, P. spp., Rh. solani, 
F. spp., and Armillaria mellea were the most 
common fungal pathogens associated with mango 
[2]. In this study, we observed that disease incidence, 
caused by V. dahliae, of naturally wilted mango 
plants was high in Nubaria region followed by 
Ismaelia province. This high disease incidence 
especially in young plants is probably due to planting 
mango in contaminated soil. In particular, in some 
locations of Nubaria, Ismaelia, Giza, Qalybia and 
Sharkyia tomato, potato and eggplant are usually 
intercropped with mango orchards. These regions are 
considered virgin lands and mango trees cultivated 
there is still young (3-7 years-old). Farmers in those 
areas used to cultivate vegetables as a cash crop and 
rapid income than fruit crops. In our investigation, 
Zebda cultivar showed the highest disease incidence 
while Kent cultivar was the lowest one. In Spain, 
20% of Kent cultivar was wilted by Verticillium and 
presented branches with attached dead leaves in a 
characteristic “one-sided” fashion [7]. In the case of 
olive, the differences in susceptibility of the cultivars 
were not related to re-isolation percentage of the 
pathogen and failure to detect the fungus in stem of 
inoculated plants also not exclude the presence of the 
fungus in the root system [12,15]. Recently, V. 
dahliae has been reported on mango in various 
locations e.g., Italy, Taiwan, Australia and southern 
Spain [25,6]. In this study, V. dahliae was identified 
on the basis of morphology and further confirmed by 
molecular methods. Concerning molecular 
identification, V. dahliae and V. albo-atrum specific 
primers were used and only the V. dahliae specific 
primers generated a PCR product of approximately 
580bp. For further confirmation, the identification 
was performed using ITS1 and ITS4 primers and a 
fragment of 500bp was amplified. Variations in 

banding patterns detected for V. dahliae isolates 
discovered that there is a low genetic diversity in the 
Egyptian isolates of this pathogen collected from 
infected mango plants. This result agrees with some 
previous studies demonstrating high genetic 
homogeneity among populations of V. dahliae of 
wilting olive trees from some Mediterranean 
countries such as Algeria, France, Syria and Israel 
[8]. 

Several organic and inorganic salts have been 
comprehensively tested at 2-6% concentrations on a 
wide range of commodities [29,40]. Our obtained 
results for iron chelate were unexpected since 
Goldweber [14] recommended the use of a chelated 
iron in groves planted on old tomato land appears to 
have promise as a management practice for the 
prevention of severe Verticillium wilt infections in 
avocado and mango trees. In contrast of iron chelate, 
a good efficacy of calcium chelate was observed 
which prove that cations may have a role to trigger 
its activity. In the present study, silicates in the form 
of sodium or calcium did not have effect against the 
pathogen and these results were in agreement with 
Shen et al. [31] who studied the inhibitory effects of 
potassium silicate on several soil-borne fungi 
including V. dahlia. In addition, potassium sorbate, 
ammonium bicarbonate and EDTA disodium showed 
the best overall performance and completely 
inhibited V. dahliae growth at 0.25%. Also, the 
minimum inhibition concentration of calcium chelate 
and iron sulfate was 0.5%. Arslan et al. [4] 
summarised that ammonium bicarbonate and 
potassium sorbate were more toxic to soil-borne 
pathogens including Fusarium oxysporum f. sp. 
melonis, Macrophomina phaseolina, R. solani, and 
Sclerotinia sclerotiorum compared to other salts. 
Results of the present work showed that pH of 
solutions of salt have a slight role in the mechanism 
of action against V. dahliae. High percentage of 
growth reduction were obtained with calcium 
chelate, iron sulfate, ammonium oxalate, and EDTA 
disodium which have low pH values, but no 
complete reduction was observed for salts have a 
higher pH like sodium silicate. These results are in 
accordance with data reported by Nigro et al. [26]. 
The mode of action of salts is not easy to explain and 
till now this subject is still under research. Recently, 
involved gene expression and enzymatic activities as 
well as phytoalexins proved to play an important role 
for the induction of resistance which should be 
considered as one of the possible modes of action of 
salts in controlling fruit decay [41]. 

 
Table 1. Primers used to identify Verticillium dahliae.  

Forward primers  (5‟- 3‟) Reverse primers (5‟- 3‟) PCR product 

Vd19F: CGGTGACATAATACTGAGAG 
 

Vd22R: GACGATGCGGATTGAACGAA 580 bp 

ITS1F: TCCGTAGGTGAACCTGCGG 
 

ITS4R: TCCTCCGCTTATTGATATGC 
 

500 bp 

Va2F: ATGGACCGAACAGCTAGGTA Va3R: 5'TCTCAGATATATGCTGCTGC 300 bp 

Specific primers for V. dahliae (Vd19F/Vd22R), ITS primers (ITS1F/ITS4R), and as control specific primers for V. albo-atrum 
(Va2F/Va3R) were used. 
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Table 2: Disease incidence (%) of naturally wilted mango plants in five governorates in Egypt during 2012 and 2013 seasons. 

Locations 

Disease incidence (%) 

Cultivars 

Zebda Sidik Taimour Ewase Fagri Kalan Kent Average 

Nubaria  34.1 6.5 21.5 3.9 2.5 4.3 12.1 

Ismaelia  22.3 2.5 19.4 4.5 3.7 2.6 9.1 

Giza  18.3 4.5 7.7 3.8 7.5 0.0 6.9 

Qalybia 17.5 2.8 5.5 4.7 3.5 2.7 6.1 

Sharkyia 21.2 2.9 3.0 3.4 3.8 0.0 5.7 

Average 22.7 3.8 11.4 4.1 4.2 1.9 ---- 

L.S.D 0.05   Location:  1.85        Cultivar:   2.04                     L&C:   4.60 

Disease incidence for each location was evaluated as fellow: disease incidence (%) = (number of wilted plants/total number of plants) x 100. 
The obtained data were subjected to statistical analysis using L.S.D test at P < 0.05 level.  

 

Table 3: Disease severity (%) of naturally wilted mango plants in five governorates in Egypt during 2012 and 2013 seasons. 

Locations 

Disease severity (%) 

Cultivars 

Zebda Sidik Taimour Ewase Fagri Kalan Kent Average 

Nubaria  41.2 29.1 24.3 16.2 9.1 3.4 20.6 

Ismaelia  35.1 26.6 27.3 17.2 5.7 2.6 19.1 

Giza  21.1 19.3 23.1 9.3 4.3 0.00 12.9 

Qalybia 19.2 18.8 19.1 11.1 4.6 2.9 12.6 

Sharkyia 22.9 16.8 14.2 4.5 2.2 0.00 10.1 

Average 27.9 22.1 21.6 11.7 5.2 1.8 -- 

L.S.D 0.05      Location (L):  1.7              Cultivar (C):   1.9           L&C:   4.3 

Disease severity (%) was calculated for the diseased plants according to Tjamos et al. (1991). The obtained data were subjected to statistical 

analysis using L.S.D test at P < 0.05 level. 

 

Table 4: Isolation frequency of soil-borne fungi from wilted mango plants. 

Locations 
Isolated fungi (%) 

V. dahliae F. semitectum F. solani Rh. solani Total 

Nubaria 16 5 3 2 26 

Ismaelia 13 2 6 4 25 

Giza 7 7 3 3 20 

Qalybia 5 2 4 2 13 

Sharkyia 4 3 5 4 16 

Total 45 19 21 15 -- 

Total 100% 

The frequency of the isolated fungi was calculated as follow: fungal frequency (%) = (number of isolates of each fungus/total number of all 

isolates) X 100.  

 

Table 5: Salts, purity, chemical formula, MIC, and ED50 of V. dahliae in a colony growth assay. 

Salt Purity Chemical formula Manuf. MIC ED50 

Sodium silicate Na2O + SiO2  Na2Ox2SiO2·2H2O Vetec 3.0 0.8 

Sodium sulfate 99% Na2SO4 Vetec >3.0 >3.0 

Sodium carbonate 99.5% Na2CO3 Fmaia >3.0 1.1 

Sodium bicarbonate 99.7-100.3% NaHCO3 Fmaia >3.0 1.68 

Potassium sulfate 99% K2SO4 Vetec >3.0 >3.0 

Potassium sorbate 98-101% C6H7KO2 Vetec 0,25 <0.25 

Potassium carbonate 99% K2CO3 Vetec >3.0 3.0 

Potassium bicarbonate 99.7-100.5% KHCO3 Synth >3.0 2.6 

Calcium chelate 98% C10H12N2O8CaNa2·2H2O Vetec 0,5 0.1 

Calcium chloride 96% CaCl2 Vetec >3.0 1.4 

Calcium silicate CaO 14-18% + SiO2 60-68% Ca2SiO4 Vetec >3.0 >3.0 

Iron chelate 98% C10H12N2O8FeNa·3H2O Synth >3.0 >3.0 

Iron sulfate 99% FeSO4.7H2O Synth 0.5 0.03 

Ammonium bicarbonate 98% NH4HCO3 Vetec 0.25 <0.25 

Ammonium oxalate  99-101% (NH4)2 C2O4.H2O Vetec 1.0 0.2 

EDTA disodium  99% C10H14N2O8Na2.2H2O Synth 0.25 0.02 

The diameter of V. dahliae was determined after incubated at 24± 1°C on PDA amended with different salt concentrations (0.25, 0.5, 1.0, 

2.0, and 3.0%, w/v). MIC is minimum inhibitory concentration and ED50 is the concentration of salts that caused 50% reduction.  

 

Table 6: The efficacy of a selection of salts in in vitro soil tests against V. dahliae. 

Salt Conc. (%) pH Inhibition    (%) Salt Conc. (%) pH Inhibition (%) 

SSi 0.25 10.8 0 a FeS 2.0 4.4 100 c 

 0.5 11.4 0 a  3.0 4.3 100 c 

 1.0 12.0 3.9 a AB 0.25 7.3 73.7 b 

 2.0 12.2 38.2 b  0.5 7.4 100 c 

 3.0 12.6 73.7 c  1.0 7.7 100 c 

PSo 0.25 6.4 76.3 b  2.0 7.7 100 c 

 0.5 6.5 100 c  3.0 7.8 100 c 

 1.0 6.6 100 c AO  0.25 5.2 2.7 a 
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 2.0 6.8 100 c  0.5 4.8 26.3 b 

 3.0 7.0 100 c  1.0 4.6 100 c 

Cch 0.25 6.0 39.5 b  2.0 4.4 100 c 

 0.5 6.0 57.9 c  3.0 4.2 100 c 

 1.0 6.0 100 d EDTA  0.25 4.9 65.8 b 

 2.0 6.0 100 d  0.5 4.8 100 c 

 3.0 6.0 100 d  1.0 4.6 100 c 

FeS 0.25 5.0 55.3 b  2.0 4.5 100 c 

 0.5 4.8 100 c  3.0 4.5 100 c 

 1.0 4.6 100 c Control - 6.2 0.0 a 

Sodium silicate (SSi), potassium sorbate (PSo), calcium chelate (Cch), iron sulfate (FeS), ammonium bicarbonate (AB), ammonium oxalate 

(AO)  

 
Fig. 1: (A,B) Showed leaves on one-side of the tree wilting and one-sided branch dieback, the leaves stay 

attached to the tree, under natural infection from Nubaria region on mango orchard (Zebda cultivar), (C) 

sever symptoms on young tree leading to decline and eventual death. (D,E) Cross sections of vascular 

tissues showing vascular discoloration, (F) Longitudinal sector in the branch showing brown color 

inside. 

 
 

Fig. 2: (A) Amplification with ITS1/ITS4 primers for V. dahliae (Vd) isolates. Ustilago maydis (Um) and water 

were included as controls, isolates from V. dahliae and V. albo-atrum were used as references. (B) 

Amplification of V. dahliae using species specific primers (Vd19F/Vd22R). 
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Fig. 3: (A,B,C) Pathogenicity tests were conducted using 6-months mango seedlings and the inoculum 

concentration was adjusted to 10
7
 conidia ml

-1
. (D) Plants were inoculated with distilled water served 

as control remained healthy. 

 

Conclusion: 

 

As a conclusion, with the increasing cultivation 

of mango in areas previously dedicated to 

horticultural crops, more problems with Verticillium 

wilt are expected and the presence of this disease 

may represent a threat for mango production in the 

near future. Finally, other aspects are necessary to 

develop an integrated disease management for 

Verticillium wilt on mango in Egypt including the 

susceptibility of mango cultivars and 

histopathological studies. 
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