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ABSTRACT
In the present investigation, certain aspects of the tomato wilt disease caused by Fusarium
oxysporum f.sp. lycopersici were studied. The obtained results could be summarized as
follows:

- Disease survey revealed that tomato wilt disease was spread in all inspected localitiesat
Libya (Adwawo, Azdo, El-Dafnia, Keam and Saratan).

- Isolation trials yieded sixty different fungal isolates belonging to 6 genera and 6 species.
The count of isolated fungi was differed from one locality to another. Samples obtained
from Azdo locality showed the highest percentage of isolated fungi, while the lowest one
was obtained from Adwawo locality. Among the isolated fungi, Fusarium oxysporum f.sp.
lycopersici was the most prevalent fungus.

- Pathogenic capabilities of twelve isolates of the pathogen showed that isolates varied in
their pathogenicity and isolate No.32, isolated from Azdo locality, was more pathogenic
while isolate No. 13, isolated from Saratan locality was the least virulent. The other tested
isolates had intermediate effect in this concern.

- Six isolates of  a bioagent (Trichoderma) were screened in vitro to test their effect on the
growth of more pathogenic isolates of the pathogen. Trichodermaharzianum isolate No.(1)
was found to be the most potent antagonistic agent to all the tested pathogenic isolates of
the pathogen without significant difference with T. harzianum isolate No.3 (which
previousley isolated from tomato rhizosphere in Libya). On contrary, T. harzianum isolate
No.4 and 2 were the least effective in this respect. The most tolerant pathogenic isolate
against the effect of different Trichoderma species was isolate No.20, which isolated from
El-Dafnia locality.

INTRODUCTION
Tomato (Lycopersicon esculentum Mill.) is one of the most important and

widely distribute vegetable crops in the world not only for its economic

importance, but also for the nutritional value of its fruits which is an

excellent source of natural colors and antioxidant compounds, like vitamin
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E and carotenoids, (Bose and Somi., 1986). Worldwide, tomatoes are an

important part of a diverse and balanced diet. It is plays an important role in

maintaining the human health as it is rich source of lycopene, which is used

in the treatment of cancer, especially the prostste cancer (Giovannuucci,

1999).

It is well know that several fungal diseases attack tomato plants during

all stages of growth causing a considerable reduction in both yield quality

and quantity.

Wilt disease caused by Fusarium oxysporum f.sp. lycopersici(Sacc.),

was widely spread in many parts of the world (Hibar et al., 2007 and

Abdel Monaim, 2012).and it is considered the main reason for replantation

and increasing of tomato  production costs (Awad, 1990).

Due to prolonged survival of Fusarium in soil as a saprophyte and as

resistant structures, F.oxysporum is difficult to control (Borrero et al.,

2004).

Biological control of plant diseases has been the subject of much

research in the last two decades. Biological control has becoming necessary

for safe and effective plant disease management. Trichoderma spp. are free-

living fungi that highly interactive in root, soil and foliar environments. It

has been known for many years that they produce a wide range of antibiotic

substances and that they parasitize other fungi (Haggag and Mohamed,

2007). They can also compete with other microorganisms: for example, they

compete for nutrients and / or space. Furthermore, they inhibit or degrade

pectinases and other enzymes that are essential for plant-pathogenic fungi.
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The present research was conducted to  isolate and identify of the causal

pathogens accompaind with the diseased samples; Determination of the

pathogenic capability of different isolates of the pathogen obtained from

various localities under the greenhouse conditions.  In addition ,screening of

Trichoderma spp. on the in vitro mycelial growth of the pathogenic

Fusarium isolates .

MATERIALS AND METHODS

Disease survry

Diseased plants (roots and stems) of tomatoes that showing naturally

different  degrees  of  wilt  symptoms  were collected from five localities in

Zilten City  (Libya) namely ,  El-Dafnia, Saratan , Adwawo,  Keam  and

Azdo(Fig.1).

كعام

إزدو

الدافنیة

إدواوسرطان

Fig.(1) A map represents the locations of study collection samples
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Isolation purification and  identification  of  the causal  organisms:

The infected samples were carefully washed with tap water in order to

remove all the adherent soil and dust particles. The samples were then cut

into small pieces using rosore blade and surface sterilized by immersing in

2% sodium hypochlorite solution for 2 mins., washed 2 times in sterilized

distilled water and dried on two folds of sterilized filter paper. The small

pieces (0.5 – 1 cm long) were transferred to Petri dishes containing potato

dextrose agar medium (PDA) amended with streptomycin sulphate (300 mg

/L) to avoid bacterial growth. Four pieces were cultured in each plate. All

the dishes were then incubated at 25±2ºC for 7 days after which the emerged

fungi were isolated on PDA plates, and purified using single spore

technique and / or hyphal tip method .The pure cultures were maintained on

PDA slants at 5ºC in the refrigerator as stock cultures for subsequent

studies. The fungal isolates were identified microscopically according to the

morphological characters and standard tests either to the generic or species

level. The genus Fusarium were identified according to the description of

Booth (1971). Other yielded fungi were identified according to Barnett

and Hunter (1986). The identification was confirmed at the Faculty of

Science, Mycological Center-Assiut, Egypt.

According to (Khalil , 1992) the forma specialist of Fusarium

oxysporum that isolated from tomato plants suffering from Fusarium wilt

symptoms is lycopersici.
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Pathogenicity test:

The ability of twelve identified fungal isolates of F.oxysporum f. sp.

lycopersici which previously isolated in high frequency from various

localities to infect intact tomato plants and cause wilt symptoms were tested

under the greenhouse conditions at  Zilten City

Fungal  inoculums  preparation:

Each of the tested isolate was grown in plates (9 cm in diameter)

containing PDA medium for 7 days. Disks (5 mm) in diameter of 7 days old

cultures of each isolate were used to inoculate glass bottles containing

sterilized barley medium (75 gm barley grains and 100ml distilled water to

cover the mixture). The inoculated bottles were incubated at 25 2° C for

two weeks.

Source of seeds and seedlings production:

Seeds of tomato (Lycopersicon esculentum Mill.) cultivar “Tezier” were

obtained from the Improved Seeds Center at Keam with purity 99.9 and

germination percentage over 90%. The seeds were surface sterilized in 2%

sodium hypochlorite solution for 2 mins., then washed twice in sterilized

distilled water and dried between folds of sterilized filter papers. Production

of healthy tomato transplants was carried out by sowing the previous seeds

in trays containing sterilized soil. The plants were left to grow under the

greenhouse conditions at Zilten City for 4 weeks .
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Pots and soil  sterilization:

Pots (25 cm in diameter) were sterilized by immersing in 5% formalin

solution for 15 mins., then left to dry in the open air for 10 days. Soil was

also sterilized with the same solution and covered with polyethylene sheets

for 15 days, then left uncovered with continous mixing to ensure complete

evaporation of formalin for 10 days. The pots were filled with the previous

sterilized soil.

Inoculation:

The sterilized soil was mixed with the inoculum of each tested fungal isolate

grown on barley medium at the rate of 3% soil weight (Sabet et al., 1991).

Other pots inoculated only with the same medium and served as control.

Four transplans, aged 30 days, were grown in each pot and three pots were

used for each tested isolate. The pots were watered when necessary. After

seven weeks of transferred the transplants to the pots, the plants were

carefully pulled out from the pots after being flooded with water in order to

have undamaged root system. Root of any plant showing vessels

discoloration in the longitudinal sections was considered diseased, while the

healty plant has no visual evidence of disease (Ibrahim and Abd El-

Rehim, 1965).

The percentage of infection was estimated using the following equation:

Infection percentage =

Also, the percentage of disease severity was determined depending on the
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external and internal symtoms according to the scale proposed by Woltz

and Arthur (1973). as follows:

a- External wilt index:The exernal wilt index was determined depending on

leaf chlorosis as follows:

0 = No symptoms as healthy plants.

1= Characteristic chlorosis.

2= Chlorosis + curvature of 1 /3 leaves.

3= Yellowish + curvature of 2 /3 leaves.

4= Curvature of the whole leaves

5= Dead plants.

b- Internal wilt index (vascular discoloration):

The vascular discoloration was estimated depending on the degree of

vacular  discoloration  in  the  longitudinal  sections  as follows:

0= Normal light color.

1= Very light brown.

2= Brown

3= Dark brown.

4= Very dark brown.

The disease severity percentage was calculated by the following formula:

%Disease severity = . The

reisolation of the pathogen was carried out from the infected tomato plants.
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Atagonistic activity in vitro:

Six different isolates of Trichoderma were used. These isolates consist

of: Trichoderma harzianum isolate No.1 and No.2 (isolated from the soil of

Western Region-Libya), T.harzianum No.3 and No.5 (isolated from the

rhizosphere of tomato plants at Libya): T. harzianum No.4 (a commercial

product) and Trichodermaalbum isolate No.6 (obtained from Egypt). This

experiment was conducted to evaluate the antagonistic effect of each isolate

against the growth of pathogenic fungi in vitro.

The method described by kucuk and kivance (2003) was employed. In dual

culture plate assays a 5 mm diameter of inoculums discs of each tested

isolate of  (10- days old cultures) were placed at one cm away of the edge

petri-dishes containing PDA medium. Similar inoculums discs of each

pathogenic fungus (10-days old cultures) were placed at one cm to the

opposite side of the plate. Control plates were inoculated only with each

pathogenic fungus. Three replicated dishes were used under aseptic

conditions for each treatment. All the plates were incubated at 25 2° C till

the growth of control treatment reached to the edge of plate. The diameter of

inhibition zone was measured (in cm) and the percentage of growth

inhibition was calculated according to the method of Zhou and Releder

(1990) as follows:

Growth inhibition percentage =
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Statistical  analysis:

Data were analyzed with the statistical analysis system (SAS , 2006). All

comparisons were first subjected to analysis of variance (ANOVA).

Comparisons among means were carried out using least significant

differences (LSD) at p=0.05

RESULTS AND DISCUSSION

Isolation  of  the  causal  organisms:

Data obtained are presented in Table (1) . It was found that a total

number of 60 fungal isolates were isolated from surface sterilized diseased

tomato plants (roots and stems), collected from five inspected localities.

Identification trials referred that the isolated fungi belonged to 6 genera and

6 species. Among the isolated fungi, Fusariumoxysporum isolates were the

most prevalent and present in all the inspected localities, being 36 isolates if

compared with the remainder fungi. These results are in agreement with

those recorded by Saponaroet al., (1985) who isolated the pathogen from

wilted tomato plants. Also, results (Table 1) show that the highest  number

of fungal isolates yielded during the isolation trials was obtained from Azdo

locality, followed by Saratan, while the lowest number of isolated fungi was

recorded from diseased plants collected from Adwawo locality, on the other

hand, the intermediate numbers of fungal isolates were obtained from the

diseased tomato samples collected from Keam and El-Dafnia localities,

being 10 and 11 isolates, respectively. In addition to, data indicate that the

frequency percentage of isolated fungi was varied from one locality to

another (Table 2) . The highest frequency percentages (28.33 and 25.00%)
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were obtained from Azdo and Saratan localities, respectively while the

lowest percentage (11.67%) was recorded from Adwawo locality.

Meantime, the percentage of associated fungi at Keam and El-Dafnia

localities was intermediate in this concern, being 16.67 and 18.33%,

respectively(Table2). This might be attributed to the susceptibility of the

cultivated cultivar and / or the different meteorological conditions prevailing

in these localities since the wilt disease is developed rapidly as the

temperature increased.

TABLE (1): NUMBER AND FREQUENCY OF FUNGI ISOLATED FROM ROOTS
AND STEMS OF DISEASED TOMATO PLANTS, COLLECTED FROM FIVE

DIFFERENT LOCALITIES AT ZILTEN CITY "LIBYA"
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TABLE (2): FREQUENCY PERCENTAGE OF ISOLATED FUNGI
FROMVARIOUS LOCALITIES

Pathogenicity  test:

Data in Table (3)   reveal that all the tested Fusariumoxysperum isolates

had the ability to causeFusarium wilt symptoms either as a foliar yellowing

as a vascular browning. The tested isolates did not posses the same level of

virulence. Isolate No.(32) which previousley isolated from Azdo locality

proved to be the most virulent since it caused 100% infection, while isolate

No.(13) which collected from Saratan locality caused only 16.67%

infection. . Also, data in Table (3) show that there was a correlation between

the degree of vascular browning and the degree of foliar yellowing which

was occurred by the same isolate. Isolate No.(32) of Fusariumoxysporum

caused the highest percentage of disease severity either on shoot or on root

systems, being 88.89 and 66.67%, respectively. On the contrary, isolate

No.(13) caused the lowest percentages in this concern, being 20.00 and

8.34%, respectively. Figs. (2 and 3) show different degrees of external and

internal wilt symptoms on tomato diseased plants compared  with the

control. The obtained results are in the line with those recorded by

Valencula Uretaet al . (1996) who indicated that most of the tested  isolates
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of  Pakmor   tomato Fusariumoxysperum f. sp. lycopersici were capable to

infect  EP7 and  Pakmor tomato cultivars .There was no commercial tomato

hybrids having resistance gene against the aggressive race(race-3)of the

causal organism. Also, Charoenporn e t al ., (2010) isolated  45 isolates of

Fusariumoxysperum f. sp. lycopersici and found that  only 12 isolates were

pathogenic to tomato var .Sida.

TABLE (3): PATHOGENIC CAPABILITIES OF DIFFERENT ISOLATES OF
FUSARIUM OXYSPORUM F.SP. LYCOPERSICI ON TOMATO

PLANTS(LYCOPERSICON ESCULENTUM MILL.) AFTER SEVEN   WEEKS OF
TRANSPLANTATION

.
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Fig.(2): Different degrees of external wilt symptoms (yellowing on tomato leaves)

Fig.(3): Various degrees of internal wilt symptoms (vascular discoloration)
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The other tested isolates had intermediate effect in the respect. The

difference between each two isolates was significantly fluctuated.

According to the obtained data, the most pathogenic isolates of the causal

organism could be arranged as Nos. 32, 20, 12, 25, 30 and 27 and therefore,

these  six pathogenic isolates were used in the following studies.

The reisolation process from the infected tomato plants yielded

Fusariumoxysporumf.sp. lycopersici which resembled the original

inoculated cultures.

In vitro antagonistic effect  of  some Trichoderma isolates:

Data presented in Table (4) indicate that the used bioagents differed in

their antagonistic effect based on the reduction of fungal growth area

percentage. Trichodermaharzianum isolate No.(1) was found to be the most

potent antagonistic agent to all the tested pathogenic isolates of the pathogen

(F. oxysporumf. sp. lycopersici) without significant difference with T.

harzianum isolate No. (3) which previousley isolated from

tomatorhizosphere in Libya . The corresponding of growth reduction for

these two isolates were 80.04 and 78.84%, on the average, respectively. On

contrary, T. harzianum isolate No.(6) was the least effective in this concern

as it caused 69.90%  reduction in mycelial growth. The other Trichoderma

isolates had intermediate effect in this respect and ranged from 70.13 to

73.48% Meantime, growth of isolate No.32 (which previousley proved to be

most pathogenic) was more sensitive to the antagonistic action, followed by

isolate No.12 and No.25. The analogous figures of their growth reduction

percentage were 81.01, 77.54 and 74.77%, on the average, respectively. The
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most tolerant pathogenic isolate toward the effect of Trichoderma species

was isolate No.20, being 60.69% on the average.

TABLE (4): IN VITRO ANTAGONISTIC EFFECT BETWEEN SPECIES OF
TRICHODERMA AND SIX PATHOGENIC ISOLATES OF

FUSARIUMOXYSPORUM F.SP. LYCOPERSICI.

L.S.D. (0.05) for Trichoderma spp.    = 4.77

for  Pathogenic isolates  = 5.51

The obtained results are in agreement with those recorded by Cherif and

Benhamou (1990) and Monaco et al., (1991) who mentioned that the

antagonistic effect of T. harzianum, T. koningii and T. viride inhibited the

growth of F.oxyspornum f.sp. lycopersici in vitro. Also, Khalifa (1991)

found that T. harzianum suppressed the growth of F. oxysporumf.sp.
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lycoperisici and a direct contact was observed between the two fungi. T.

harzianum grew over the mycelium of F. oxysporum f.sp. lycopersici. The

action of Trichoderma species might be due to that these antagonistic agents

produce some toxic compounds under a certain conditions namely,

trichodermin richodermol and harzianolide (Cook and Yesth, 1991) as well

as some cell walls degrading enzymes such as chitinases, glucanases that

break down polysaccharides, chitins and B-glucanase thereby destroying

cell wall integrity. Also, Simon and Sivasithamparam (1988) added that

the rapid growth of Trichoderma gives it an important advantage in the

competition for space and nutrients with plant pathogenic fungi.

Generally,all Trichoderma isolates had a marked statistical inhibitory effect

on mycelia  growth in dual culture compared with controls (Hajieghrari et

al., 2008).
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