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Abstract: The objective of present research is to study the pathogenic capabilities of two isolate Fusarium
moniliforme and the production of Fumonisin, Zearalenon and gibberellic acid in relation to the isolate

virulence. Fusarium moniliforme (Sheldom) was isolated from naturally infected roots of different pepper
plants. Pathogenicity tests indicated that Fusarium moniliforme was more pathogenic to lang red and
cagerme (hot pepper) than to the local pepper (sweet pepper), Califorma Wonder (sweet pepper) and Califorma
(sweet pepper) under greenhouse conditions. The two isolates differed in their capability of inducing the

infection. Different quantities of each of fumonisin, zearelonen and gibberellic acid were produced by the tested

1solates of Fusarium moniliforme in vitro. The infected pepper plants were evaluated for resistance to

Fusarium moniliforme and Fumorisin Zearelonen, concentration.
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INTRODUCTION

Pepper (Capsicum annum) is one of the vegetables
that spreads and is grown world wide as a spice and a
medical crop. It 1s eaten raw and cooked immature and
mature.

Pepper is considered to be an excellent source of
vitamin A, B,, B,, B,, C and calcium. Pepper is subject to
be attacked by many diseases in Egypt as well as in many
different parts of the world (Lee et al., 1990, Kim et al,,
1990; Sammmaime et ¢l., 1991; Gonzalez et al, 1998;
Harris, 1999; Goicoechea et al., 2000, Ivey and Miller,
2000; Kobori et al., 2000). Damping off disease caused by
some Fusarium species 1s considered to be one of the
most destructive diseases and serious diseases in many
parts of the world as well as in Egypt (Uma, 1981,
Sarhen and Hegaz, 1988, Freire ef af., 2000, Utkhede and
Mathur, 2003; Nutsugah et al., 2004). Infection of pepper
plants with Fusarium species can cause contamination of
pepper fruit with mycotoxins that effect human health
(Desjardins et al., 2000; Leslie ef al., 1992; DeNijs and
Notermans, 1996, Desjardins et al., 1997, Abbas et al,
1998, Giridhar and Reddy, 1999; Douglas et al., 1999,
Bagi et al., 2000; Desjardins et al., 2000; Freire et al., 2000,
Machado and Kemmel-Meier, 2001 ; Rodriguez-Amaya and
Sabino, 2002; Antonic et al., 2003; Clements and
Kleinschmpdt, 2003; Bush et al., 2004). The objective of
this research is to study the pathogenic capabilities of

two 1solates Fusarium moniliforme and the production of
fumonisin, zearalenone and gibberellic acid m relation to
the isolate virulence.

MATERIALS AND METHODS

Naturally infected seedlings of local pepper varieties
showing damping off were obtained from several fields
from different localities of Assiut Governorate Egypt
(Assiut, Badary). Isolation procedures of the caused
pathogen were carried out using small pieces of infected
roots which were washed in runmng tap water, surface
sterilized with 1% sodium hypochlorite solution for two
minutes washed in three changes of sterilized water and
dried between sterilized filter papers. The surface sterilized
root pieces were then placed on PDA medium in petri
dishes and mcubated at 25°C for seven days. Preliminary
identification of the isolated fungi was carried out
according to Booth (1997) and Moubasher (1993) and
confirmed by Assiut University Mycological Center
(AUMC).

The 1solated fimgi were tested for their pathogemec
capabilities on California wonder (Sweet pepper)
California Lang Red, Cagenne (Hot pepper) and Local
(Sweet pepper) during 2005 season under greenhouse
conditions. Earthen pots (23 cm diameter) filled with
loamy and soil (84% sand, 14.5% clay and 1.5% silt) were
used. Hach pot was filled with 3 kg sterilized (autoclaved)
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soil. Four pots were used for each tested variety.
Four replicates were used for each isolate. The pots
were inoculated with the fungal inoculum, grown on
barley grains medium, 7 days before sowing at the rate
of 5 g pot™ and mixed thoroughly with the filling soil.
Five surface sterilized pepper seeds were sown in each
pot for each variety after disinfection with 2% sodium
hypochlorite solution for two minutes.

Pots containing non-infested soil mixed with 5 g of
sterilized barely medium were used as a control. The
pots were irrigated when necessary and examined daily.
The percentage of pre-and post emergence damping off
was recorded after 21 days and 45 days, respectively.
Disease index was recorded after the end of the
experiment by using the scale of 0 to 4 used by ATCRIP
(1968). Re-1solation of the pathogenc fimgal 1solates from
the infected plants was carried out to meet Koch
postulates.

Determination of Fusarium mycotoxins

Chemical analysis of fungal culture: The production of
fumonisin and zearalenone was assayed m a culture
grown on a yeast medium for seven days at temperature
25°C+2.

Fumonisin analysis: Fumomnisin toxins produced was
determined as follows: 50 g of culture material (biomass)
with 5 g salt and 100 mL methanol water (80:20) was
blended at high speed for 1 min, then filtered through
fluted filter paper. Ten milliliter of the filtrate was diluted
with 40 ml. of wash buffer and filtered again through
1.0 Um mucro-fiber filter. Tenmilliliter of the diluted extract
was passed through fumontest column (Vicam Company)
and then column was washed by 10 mL of the same dilute
solution. The fumomsm determined by High Performance
Liquid Chromatography (HPLC) was eluted by passing
1 mL of HPLC of orthophthaladehyde derivatives as
reported by Nelson ef af. (1993) and grade methanol
through the column and elutes were re-collected again.
One milliliter of developer A (Vicam product No. G 5005)
and developer B (Vicam product No. G5004) was added to
the elute and placed in calibrated fluorometer (Series-
4/Vicam). The fumonisin concentration was measured
after 4 min according to the method described by
Nazzani et al. (2001).

Zearalenone analysis: Zearalenone concentration was
determmmed as mentioned i the fumonisin toxins
determination method but the dilution was made with
49 mL distilled water which was passed through zearalest
column (Vican Company) and then measured in a
calibrated fluorometer model Series-4/Vicam according to
Martins and Bernardo (2003 ).
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Chemical analysis of fungal culture: The production of
Gibberellic Acid (GA) was assayed in a culture grown on
Elliott’s solution medium for chemical analyses. The entire
contents of each of culture material 10 g was extracted
with 70% methanol and stirred overnight at 4°C. The
extract was filtered through a whattman filter paper and
the methanol was evaporated in vacuo. The aqueous
phase was adjusted to pH 8.5 with a 0.1 M phosphate
buffer and then partitioned three times with ethyl acetate.
After removal of the ethyl acetate phase the aqueous
phase was adjusted to pH 2.5 with 1 N HCL The solution
was partitioned tlree times with ethyl acetate. After
removal of ethyl acetate phase, the aqueous phase was
adjusted to pH 2.5 with 1 N HCl The sclution was
partitioned three times with diethyl ether and then passed
through water less sodium sulphate. After the diethyl
ether was evaporated in vacuo, the dry residua containing
hormones was dissolved in methanol and stored in vials
at 4°C (Chen, 1990).

HPLC analysis was used to study the growth
hormones m extracts dissolved 1 mL grade
methanol. Analysis of GA was performed ona
model hp 1050 HPLC equipped with UV detector.
Separations and determinations were performed on a
C18 column (4.6%150 mm). The mobile phase yielded
results of 30% methanol (adjusted to pH 3.0 with
0.1 M H.PO,) for GA, Wavelengths in the UJV detector
were 208 nm. Total run time for separations was

n

approximately 5 min at a flow rate of 1 mL min ' according
to (Baydar and Ulger, 1998).

Mycotoxin analysis of pepper root samples

Fumonisin and zearalenone: Selected pepper root
samples 50 g of ground sample (biomass), with 5 g slat
and 100 mL, methanol water (80: 20), was blended at high
speed for 1 min. The following determination steps were
carried out mentioned before in the chemical analysis of
the fungal cultures.

Statistical analysis: The collected data were statistically
analyzed using two factor Completely Randomized Block
Design. Treatments were compared at 0.05 and 0.01 level
of probability LSD (Fisher, 1984).

RESULTS AND DISCUSSION

Isolation and identification of the causal pathogen:
TIdentification procedures of the isolated fungi proved the
presence of two Fusarium monilifrome 1solates (Pepper
varieties Califorina (sweet pepper), Califorina wonder
(sweet pepper), local pepper (sweet pepper) and lang red
cagenne (hot pepper) were tested in this study).
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Variety Symptoms
California Showing root-rot, yellowing, dark necrotic
(Sweet pepper) lesions on cotyledonary leaves, death of leaves
California wonder Showing completel death of seedling
Local Showing yellowing of leaves tissues in between secondary
(Sweet papper)  viens and external discoloration
Red cagenne Showing dark necrotic lesions and cotyledon leaves and death,
(Hot pepper) falling of leaves

Fig. 1: A, B, Cand D Symptoms on different varieties of pepper inoculated with Fusarium moniliforme are similar in
reducing the growth of roots while each variety showed different symptoms as mentioned

The data shown in Table 1 and Fig. 1 show that all
tested pepper varieties were susceptible to infection by
the two Fusarium 1solates. The fungal 1solates varied in
their virulence on the tested pepper varieties. The
obtained data revealed that there is a significant
difference between the testes isolated either i the
percentage of pre, post emergence, survival and the
disease index. It also show that isolate 2 was more virulent
in the case of the percentage of pre and post emergence,
survival and the disease index. The variability in the
1solates, severity could be attributed to differences
gibberellic acid and toxins producing capability. These
results agree with the observation of Leslie et al. (1992),
De Nyjs and Notermans (1996), Desjardins et al. (1997),
Abbas et al. (1998), Gindhar and Reddy (1999),

320

Desjardins et al. (2000), Rodriguenz-Amaya and Sabno
(2002) and Bush et al. (2004).

On the other hand the tested pepper varieties varied
markedly in their resistance and suscepability to infection.
California (sweet pepper) and California wonder (Sweet
pepper) were resistant to mfection compared to local
(sweet pepper) and lang Red Cagenne (hot pepper)
varieties as reported by Rivelli (1989) and Sanogo (2003).

The resistance and susceptibility to infection with
Fusarium 1solates and have also been previously
mentioned by Uma (1981) Sarhan and Hegaz (1988),
Utkhede and Mathur (2003) and Nutsugah et al. (2004)
observed have among the tested varieties may be due to
the various defense mechamsms available to these
varieties.
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Table 1: Pathogenicity test of Fusarium moniliforme isolates causal
pathogen of damping oft’ and root rot in four varieties of pepper

plants
Damping off (%)
Isolate -----emennmmmmcmeenean Survival Disease

Varieties No.  Pre Post (%) Index (%6)
Califormnia 1 35.00 25.00 40.00 61.25
(Sweet pepper) 2 1000 55.00 35.00 66.75
Mean 22.50 40.00 37.50 64.00
California wonder 1 55.00 10.00 35.00 67.50
(Sweet pepper) 2 80.00  20.00 0.00 100.00
Mean 67.50 15.00 17.50 83.75
Local pepper 1 90.00 0.00 10.00 90.00
(Sweet pepper) 2 90.00 0.00 10.00 92.50
Mean 90.00 0.00 10.00 91.25
Lang Red Cagenne 1 65.00 30.00 5.00 96.50
(Hot pepper) 2 75.00  25.00 0.00 100.00
Mean T0.00 27.50 2.50 98.25
Control 1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
LSD 5% I 547 I 4.628 I 5.975 I 4.799
V 632 WV 5345 V 6900 V 7.587
IV 10,95 TV 9257 IV11.950 1V 9597
LSD 1% 1734 I 6.206 18.012 I 6.461
V 847 WV T.166 V9252 V 10.220
IV14.69 1V12410 1V 16020 IV 12.920

I=TIsolates, V = Variety, ['V = Interaction isolates, x variety

Determination of fumonisin and zearalenone mycotoxin
in Fusarium moniliforme isolates and in diseased pepper
tissues with Fusarium moniliforme: In order to study
role of the mycotoxin on the pathogenic process
determination procedure was carried out using the two
tested 1solates of Fusarium moniliforme. The presented
data in Table 2 mdicates that isolate II, mserted more
fumonisin when compared with that 1solate 1. This may
indicate the difference m their pathogemc capabilities
which may due to the mycotoxin fumonisin. These results
agree with the findings of Jimenez et al (2000) who
reported that there are differences among Fusarium
1solates n the producing of fumomisin. Other workers
mentioned that there is a correlation between the ability of
the causal pathogen to insert fumonisin i# vive and the
severity of maize seedling blight disease
(Desjardins et al., 1995).

Data presented mn Table 2 also show that the two
tested Fusarium isolates produced zearalenone under
laboratory conditions. The production of zearalenone in
Fusarium culture was confirmed by Machado and
Kemmel-Meier (2001).

Data in Table 2 also showed that the infected pepper
tissues contained more Zearalenone when infected with
isolate TT, compared to isolate I. Which it was free from
fumonisin in tissues infected with both tested isolates.

in vivo

These results indicate that there is a correlation between
the severity of infection with Fusarium isolate and their
production of Zearalenone mn plant tissues. This may be
due to that Zearalenone is generally considered to be
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in two isolates of Fusarium
pepper tissues with Fusarium

Table 2: Determination of rmycotoxin
moniliforme and in diseased
moniliforme
Mycotoxin (ppm)y/30 g

My cotoxin (ppm)/15 g

Fusarium moniliforme biomass pepper plant tissues
Tsolates
No. Fumonisin Zearalenone Fumonisin Zearalenone
1 0.0 0.22 0.0 0.14
2 5.8 0.10 0.0 0.20

Table 3: Determination of gibberellic acid in two isolates of Fusariim
moniljforme

Isolates No. Gibberllic acid content mg 10 g firesh weight

1 1.029

2 0.994

inhibitory of root and shoot elongation and fresh mass
accumulation (Mclean, 1995). This findings agree with
Bagi et al. (2000), Bata et al (2001 ), Antonio et al. (2003)
and Clements et al (2003). There are no references
concerning pepper plant at hand but there are many
workers who worked on other different crops, wheat,
maize and grain.

Determination of Gibberllic acid in two isolates of
Fusarium moniliforme. Results presented in Table 3
show that the tested isolates varied in their production of
gibberellic acid. Isolate I which proved to be less
pathogenic than isolate IT inserted more gibberellic acid
than 1solate II. The variability i pathogenic capability of
the two isolates may be due to the difference in their
ability to insert gibberellic acid wlhich 15 well know
to be an antifungal substance (Gowily-Ahlam, 1987,
El-Ganaiemy ef al., 2002).
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