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Fusarium Wilt on Sweet Basil: Cause and Sources in 
Southeastern Spain 
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This study concerned a new disease detected in 1997 in southeastern Spain - Fusarium wilt 
in basil (Ocimum basilicum L.), caused by Fusarium oxysporum f.sp. basilici. Its importance 
was evaluated at two locations in the Almerfa area, where 14% of the plants presented 
symptoms of the disease after 4 months of cropping. The search for sources of the disease 
inoculum was centered on the health of the seeds and the polypropylene trays that were reused 
for plant production. Analysis of four lots of seeds from Germany and Italy showed that two 
of them harbored E oxysporum f.sp. basilici. This finding was confirmed by the analysis of 
seeds collected from diseased plants. Furthermore, analysis of three reused trays revealed the 
presence of the pathogen on them and it was concluded that the trays acted as the source of 
dispersion of the mycosis. 
KEY WORDS: Basil; Fusarium wilt; Fusarium oxysporum f.sp. basilici; seed health; health 
of nurseries. 

INTRODUCTION 

Basil (Ocimum basilicum L.) is a plant of  the Labiatae family which originated in India 
and spread worldwide. It is widely grown for its aromatic, ornamental, medicinal, and 
honey-producing characteristics (17). Nowadays it is commonly used as a culinary herb; it 
is rich in carbohydrates, proteins, and vitamins A and C (15). 

The cultivation of  sweet basil is relatively new to Almeria (Spain), where the crop 
extends over a small area of less than 10 ha. The climate of  southern Spain enables year- 
round export of  fresh basil to other European countries. It is grown in greenhouses both on 
soil and in perlite throughout the year. Plants are maintained for 2 years and those that die 
are replaced. Thus, it is possible to find plants of different ages within the same greenhouse. 
Basil seedlings are produced in nurseries until transplanted to soil or perlite. 

This study presents the results of the identification of one of the most severe diseases of  
basil, Fusarium wilt. This disease was first described in the former Soviet Union in 1957 (8) 
and the causal pathogen was determined in 1968 (2,4). It has been identified in numerous 
countries as Fusarium oxysporum f.sp. basilici (1,3,6). The typical wilt symptoms of  
basil are as follows: yellowing and wilting of  apical tips, wilting and necrosis of  leaves 
and petioles, stunting, black lines along the stems and petioles, vascular discoloration and 
necrosis of the xylem. All these symptoms begin at the apex and progress to the base of 
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the plant. Vascular necrosis then extends to the roots, with the appearance of very dark 
spots along the stems. Young plants can die very rapidly, between 4 and 7 days after the 
appearance of the first symptoms (5). 

The aim of the present work was to find and identify the (a) cause of the wilt in sweet 
basil and (b) inoculum of the pathogen sources. 

MATERIALS AND METHODS 

Disease assessment in commercial greenhouses The study was carried out in two 
greenhouses where aromatic, culinary and medicinal plants were grown, one located in 
the western part of Almerfa and the other in the eastern. In both greenhouses basil cv. 
'Genovesa' was grown on soil or in perlite bags. Disease incidence was evaluated between 
February and May 1997 for both crops and at both locations without artificial inoculation. 
In the soil culture the diseased plants were evaluated in four plots of 16 m 2 each. In 
the case of the perlite bags substrate, evaluation was carried out in three plots of 600 
transplantation holes each, with each hole containing up to eight plants. The counts of 
diseased or dead plants with symptoms were done fortnightly within the period indicated 
above. The observed progress of disease of Fusarium wilt was expressed as values of 
diseased or dead plants for each experiment. 

Isolation and identification of Fusarium from basil In order to isolate the fungus 
from the plants with symptoms, stems were flamed with alcohol after washing them 
with tap water. Stem slices 0.5 cm thick were then placed on potato dextrose agar 
(PDA) and a selective Fusarium culture medium (19). A total of 58 plants from both 
locations were analyzed as follows: 21 from soil cultivation, 22 from soilless culture, and 
15 from nursery. Identification of the fungal isolates was based on the morphology of 
macroconidia, microconidia and chlamydospores, following the taxonomic descriptions 
and the indications of Messiaen and Cassini (11) and of Nelson et al. (14). 

Pathogenicity test and host range determination Pathogenicity tests were carried out 
on the basil plants. The cultivar used (Genovesa) is the most widely grown and one of the 
most resistant to E oxysporum f.sp. basilici (12). Inoculum was prepared by growing the 
fungus in 15 ml of PDA in petri dishes (8.5 cm diam) and incubating the dishes at 25~ until 
the mycelium reached the edges. The contents were mixed with 100 ml distilled water to 
prepare the fungal suspension (104 cfu i/i1-1). The inoculum suspension was applied to two 
true leaves of basil seedlings either by drenching the sterile substrate in which they grew 
or by dipping the roots and then transplanting the plants into sterile substrate. The seeds of 
the plants used were analyzed previously to verify that no E oxysporum was present. They 
were pregerminated at 30~ for 24 h, and then sown in disinfested vermiculite either in 1 
I pots or in polypropylene trays, according to the inoculation procedure. The plants were 
fertilized before and after inoculation with a complete nutrient solution commonly used in 
the greenhouse. 

Thirty-three isolates collected from diseased plants and seedlings were inoculated 
(Table 1): 24 of them from plants grown in the greenhouse, and nine from seedlings 
grown in the nursery. Ten basil plants were inoculated with each isolate and ten were not 
inoculated and used as control. After inoculation, plants were maintained in a greenhouse 
and the disease was evaluated by counting diseased or dead plants over a period of 60 days. 
The pathogen was reisolated from inoculated plants using the method described above. 
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Five of these isolates, showing pathogenicity on basil, were used to study the parasitic 
specificity of E oxysporum. The dipping roots technique was employed for each isolate 
and each species used. Ten plants per isolate were inoculated, from each of the following 
species: melissa (Melissa officinalis L), sage (Salvia officinalis L.), marjoram (Origanum 
majorana L), mint (Mentha piperita L), summer savory (Satureja hortensis L.) and thyme 
(Thymus vulgaris L.); ten plants of each species were not inoculated, as used as controls. 

Examination of seedlings, seeds and nursery trays as possible sources of the causal 
agent of disease In an attempt to find the possible inoculum sources of the pathogen, 15 
wilted seedlings from the nursery were washed with water, air-dried, and then analyzed 
using Fusarium selective medium and Pythiaceae medium (16). The health of four 
commercial basil seed lots acquired from Italy and Germany was checked. Eight hundred 
seeds from each lot were plated, half of them on PDA culture medium and the other half on 
Fusarium selective medium according to the Ulster method (13). These analyses were 
carried out also on 458 basil seeds collected from diseased plants growing in the two 
greenhouses. Other aspects of the nursery were considered, such as the polypropylene 
trays reused for seedling production of basil. The trays were washed with water and air- 
dried. Three of them were examined by cutting 15 pieces of 1 cm 2 each, which were placed 
on Fusarium-selective medium. 

The pathogenicity of the E oxysporum isolates detected was verified by the methods 
described above. 

RESULTS 

Disease assessment in commercial greenhouses Apical wilt and epinasty, extemal 
blackening of the angular stems, and yellowing of diseased plants were observed in the 
greenhouses without artificial inoculation. 

TABLE 1. Origin of Fusarium oxysporum isolates inoculated and pathogenic to basil 

Origin of the isolates Number of isolates 
inoculated pathogenic 

Diseased basil growing in 
Soil 17 12 
Perlite substrate 7 1 
Nursery 9 1 

Commercial seeds 16 13 
Seeds from diseased basil 4 2 
Polypropylene trays 10 3 
Total 63 32 

Disease progress in plants grown in soil is shown in Figure IA as the percentage of 
plants with symptoms or killed by the disease. The average of all the plots reached 14.4% 
of the plants. Disease incidence on crops grown in perlite (Fig. 1B) averaged 13.4% of the 
plants. These results prompted the investigation on the sources of the primary inoculum in 
the inspected greenhouses. 

Isolation and identification of E oxysporum The association of the symptoms observed 
in the commercial greenhouses with the xylem analyses of basil in the laboratory showed 
that E oxysporum was isolated from the xylem in all cases when the plants were grown 
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TABLE 2. Percentage of commercial seeds of basil from which Fusarium spp. were obtained in 
culture on PDA or selective medium 

Culture medium Fusarium 
isolates 

Percentage of seeds with Fusarium 

lot I lot 2 lot 3 lot 4 
PDA E moniliforme 1.25 (5) 

E oxysporum 1 (4)v 
E roseum z 0.25 (1) 

Selective medium F. moniliforme 1.50 (6) 
E oxysporum 1 (4) 0.25 (1) 1.75 (7) 
F. equiseti 0.25 (1) 0.25 (1) 
E roseum z 0.50 (2) 

Zsensu Messiaen and Cassini (11). 
Uln parentheses, number of Fusarium isolates. 

TABLE 3. Number of pathogenic Fusarium oxysporum isolates on basil from commercial seeds 

Seed lot Number of isolates 
# Inoculated Reproducing the 

disease 
1 8 7 
2 1 0 
4 7 6 

in soil, whereas for the diseased materials obtained from plants grown in perlite, fungal 
isolation fluctuated between 33% and 40%. The association between symptoms and the 
(positive) isolation of E oxysporum reached 93% when the xylem analyses were carded 
out on nursery seedlings. E oxysporum was identified by morphology of macroconidia, 
microconidia and chlamydospores, following the taxonomy indicated in the methods 
described above. 

Pathogenicity tests and host range ofF. oxysporum isolates The artificial inoculation of 
33 isolates of E oxysporum obtained from diseased plants from the sampled greenhouses, 
including the nursery, revealed that 14 of them (42.4%) caused the disease syndrome on 
basil (Table 1). Of the 14, 36.4% had been obtained from diseased plants grown in soil, 
3% from those grown in perlite, and 3% from the nursery. The first symptoms appeared 12 
days after inoculation, showing the same syndrome described for commercial greenhouses 
plants, and more than 50% of the plants died within 60 days after inoculation. Fusarium wilt 
was closely associated with the number of inoculated isolates collected from symptomatic 
plants. Of 17 inoculated isolates from plants grown in soil, 12 reproduced the disease on 
basil under test conditions. The pathogen was reisolated from diseased plants, following 
Koch's postulates for all of them. 

Results of the artificial inoculations to verify the parasitic specificity of five E 
oxysporum isolates which were pathogenic on basil, showed that none of them caused 
any symptoms in other inoculated plant species: sage, marjoram, thyme, melissa, mint, or 
summer savory. The results indicated that symptoms of the disease on basil were caused 
by the fungus E oxysporum f.sp. basilici. 

Possible sources of disease contamination The investigations to find the inoculum 
sources of E oxysporum f.sp. basilici in greenhouses and nurseries were focused on 
two aspects: the health of the seeds and the health status of the polypropylene trays for 
transplanting which were reused in nurseries. 
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Fig. 1. Progress of Fusarium wilt disease on basil grown under commercial greenhouse conditions. 
A: In soil. Mean percentage of diseased or dead plants in four plots of 16 m 2. B: In perlite. Mean 
percentage of diseased or dead plants in three plots with up to 1000 basil plants in each plot. Vertical 
bars indicate standard deviation of the mean. 
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The results of the health tests in PDA and Fusarium-selective medium from four lots 
originating in Germany and Italy are shown in detail in Table 2. The fungus E oxysporum 
was detected in the selective medium in three of the lots. Table 3 summarizes the results 
of the pathogenicity tests after inoculation of basil with 16 isolates obtained from the 3200 
seeds analyzed on culture medium. At least two lots of seeds were infected by E oxysporum 
f.sp. basilici. 

In the analysis of 458 seeds collected from diseased basil plants, E oxysporum was 
isolated on a selective medium in 0.9% of the seeds. Pathogenicity tests carded out on basil 
with four isolates revealed that half of them were E oxysporum f.sp. basilicL reproducing 
the symptoms on basil but not in the other plant species (Table 1). 

Fifteen samples from each of three trays were analyzed; four, three and five isolates, 
respectively, were found. Thirty per cent of the E oxysporum isolates obtained from the 
trays were pathogenic on basil, reproducing the disease symptoms on cv. Genovesa (Table 
1). 

DISCUSSION 

The disease syndrome found on basil grown in commercial greenhouses was similar 
to that described previously in the literature on Fusarium wilt by various authors: Mercier 
and Pionnat (10), Tamietti and Matta (18), Elmer et al. (2), Gamliel et al. (4), Garibaldi et 
aL (5), Keinath (7). The symptoms differ from those of other Fusarium wilt types in the 
external blackening of stems and leaves, to such an extent that identification by symptoms 
can lead to confusion with other pathogens such as Botrytis cinerea and Sclerotinia 
sclerotiorum, at least under our working conditions. 

The evolution of the disease in the investigated greenhouses was rapid, comparable 
to that reported by others, e.g. Keinath (7). Our results also show the small difference 
between the two cropping systems (soil or perlite). This fact is not devoid of importance, as 
better control of the disease had been sought by soilless cultivation. Finally, these findings 
prompted the investigation into the sources of the primary inoculum in the inspected 
greenhouses. 

The results suggested that seeds were a source of the pathogen in greenhouses and 
nurseries. This had been shown previously by Martini and Gullino (9) and Gamliel et al. 
(4), who worked with seeds gathered from diseased plants. 

The percentage of E oxysporum detected on selective medium, from seeds collected 
from diseased basil plants, can be considered low (0.9%). Therefore, the fact that half 
of the isolates were able to reproduce the symptoms on basil and not on the other herbs 
emphasizes the possibility of contamination of commercial seeds. Certainly, the percentage 
of infected seeds seems small in relation to the extent of Fusarium wilt found in the 
greenhouses. 

The high level of disease in the commercial greenhouses can not be explained only 
by the pathogenicity of E oxysporum f.sp. basilici isolates originating in basil seed. 
An explanation for the extent of Fusarium wilt might be found in the reuse of alveolar 
polypropylene trays in the nursery for the production of basil. Thirty per cent of the E 
oxysporum isolates detected on the trays were pathogenic on basil. Therefore, the spread 
of the disease could be caused by the transfer from nursery trays to soil or perlite bags, and 
by the use of non-disinfested trays. 

In the absence of regulations regarding basil seeds certification in the European Union, 
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we recommend the use of clean disinfested containers for seedling and plant production. 
This should be very helpful to prevent the spread of Fusarium wilt in basil crops. 

REFERENCES 

1. Chiocchetti, A., Ghignone, S., Minuto, A., Gullino, M.L., Garibaldi, A. and Migheli, Q. (1999) Identification 
of Fusarium oxysporum f.sp. basilici isolated from soil, basil seed, and plants by RAPD analysis. Plant Dis. 
83:576-581. 

2. Elmer, W.H., Wick, R.L. and Haviland, P. (1994) Vegetative compatibility among Fusarium oxysporum f.sp. 
basilicum isolates recovered from basil seed and infected plants. Plant Dis. 78:789-791. 

3. Farr, E, Rossman, A.Y., Palm, M.E. and McCray, E.B. Fungal Databases, Systematic Botany and Mycology 
Laboratory, ARS, USDA. http:llnt.ars-grin.govlfungaldatabaseframe.cfm [updated April 7, 2002] 

4. Gamliel, A., Katan, T., Yunis, H. and Katan, J. (1996) Fusarium wilt and crown rot of sweet basil: 
involvement of soilborne and airborne inoculum. Phytopathology 86:56-62. 

5. Garibaldi, A., Gullino, M.L. and Minuto, G. (1997) Diseases of basil and their management. Plant Dis. 
81:124-132. 

6. Guirado Moya, M.L., G6mez V~quez, J., Blanco Prieto, R. and Tello Marquina, J.C. (2002) First report of 
Fusarium oxysporum f.sp. basilici in sweet basil cultivation in Spain. Plant Dis. 86:1402. 

7. Keinath, A.P. (1994) Pathogenicity and host range ofFusarium oxysporum from sweet basil and evaluation 
of disease control methods. Plant Dis. 78:1211-1215. 

8. Kvartskhava, P.A. (1957) [On a study of the infectious wilting (fusariosis) in eugenol basil. (in Russian)]. 
Rev. Appl. Mycol. 38:613 (English abstr.). 

9. Martini, P. and Gullino, M.L. (1991) Transmisibilita per seme di Fusarium oxysporum f.sp. basilicum, agente 
della tracheofusariosi del basilico. Inf. Fitopatot. 9:59-61 (Italian, with English summary). 

10. Mercier, S. and Pionnat, J.C. (1982) Prtsence en France de la fusariose vasculaire du basilic. Seances Acad. 
Agric. Fr. 68:416-419. 

11. Messiaen, C.M. and Cassini, R. (1968) Recherches sur la fusarioses IV: La systtmatique des Fusarium. Ann. 
Epiphyt. 19:387-454. 

12. Minuto, A., Mocioni, M. and Garibaldi, A. (1995) Preliminary trials on biological control of Fusarium wilt 
on basil. Acta Hortic. 382:173-177. 

13. Muskett, A.E. and Malone, J.P. (1941) The Ulster method for the examination of flax seed for the presence 
of seed-borne parasites. Ann. AppL Biol. 28:8-13. 

14. Nelson, P.E., Tousson, T.A. and Cook, R.J. (1983) Fusarium species. An Illustrated Manual for Identification. 
The Pennsylvania State University Press, University Park, PA, USA. 

15. Oliver, P. (1995) Basil: a portrait of America's most popular herb. The Business of Herbs XIII (4):4-7. Publ. 
by Northwind Farm Publications, Shelvin, MN, USA. 

16. Ponchet, J., Ricci, E, Andreoli, C. and Augt, G. (1972) Mtthodes stlectives d'isolement du Phytophthora 
nicotianae var. parasitica (Dastur) Waterh. h partir du sol. Ann Phytopathol. 4:97-108. 

17. Stary, E (1994) Plantas Medicinales. Ed. Susaeta, Barcelona. Spain. 
18. Tamietti, G. and Matta, A. (1989) La tracheomicosi del basilico causata da Fusarium oxysporum f.sp. 

basilicum, in Liguria. [The wilt of basil caused by Fusarium oxysporum f.sp. basilicum.] Dif. Piante 12:213- 
220 CAB Abstr. (Italian, with English summary). 

19. Tello, J.C., Varts, E and Lacasa, A. (1991) Anfilisis de muestras, in: Manual de Laboratorio. Diagn6stico de 
Hongos, Bacterias y Nematodos Fitopat6genos. Ministerio de Agricultura, Pesca y Alimentaci6n. Madrid, 
Spain. 

Phytoparasitica 32:4, 2004 401 


