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ABSTRACT

The objective of this study was to understand the infection process of Fusarium oxysporum f. sp. phaseoli (Fop) in bean cultivars
classified as resistant (Manteigdo Fosco 11), intermediate (VP8) and susceptible (Meia Noite). Plants of the three cultivars were inoculated
at 10 days after emergence with a suspension of 1x10° conidia of Fop per mL. At 43 days after the inoculation, stem segments were
observed with a scanner electronic microscope. The cultivars Manteigdo Fosco 11 and VPS8 presented an occluding material in the xylem
vessels, which may have restricted tissue colonization by Fop. The resistance of bean cultivars to Fop seemed also to be explained by

structural differences in the xylem tissue.
Key words: Phaseolus vulgaris, Fusarium wilt, host defense.

The fungus Fusarium oxysporum Schlecht. f. sp.
phaseoli Kendrick & Snyder (Fop) is the causal agent of
the Fusarium wilt on common beans (Phaseolus vulgaris
L.) and is present in all the regions that produce beans in the
world (Alves-Santos et al., 2002; Abawi & Pastor-Corrales,
1990; Schwartz & McMillan, 1989; Buruchara & Camacho,
2000). The inadequate rotation of cultures, especially in
areas irrigated with central pivot, the lack of preventive
measures of control of the pathogen dissemination and the
increase of soil compaction made the Fusarium wilt one of
the most important bean diseases in Brazil (Paula Junior et
al., 20006).

The dark, thick-walled chlamydospores are the long-
term survival structures in soil (Abawi & Pastor-Corrales,
1990). Management practices alone may not be enough to
keep the disease in low levels of intensity. Thus, the most
efficient and viable alternative for the control of this disease
is the use of resistant cultivars (Abawi, 1989; Abawi &
Pastor-Corrales, 1990; Paula Junior et al., 2006).

The pathogen is capable of penetrating intact root
tissue, although penetration of older parts of root and
hypocotyl tissue also occurs, usually through wounds or
natural openings (Abawi, 1989; Dongo & Miiller, 1969;
Duque & Miiller, 1969). After penetration, hyphae of Fop
move inter- and intracellularly and invade the xylem vessels
(Mace et al., 1981). The fungus is confined to xylem vessels
until the later stages of disease development, although
limited invasion of the adjacent tissues may occur; growth
of hyphae and transportation of microconidia in the xylem
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vessels are observed in susceptible cultivars (Abawi, 1989).
On the other hand, in resistant plants the colonization
between adjacent xylem vessels is restricted, probably as
a result of chemical and structural alterations (Mace et
al., 1981), including vascular occlusion by the formation
of gel plugs, tyloses, deposition of additional wall layers
and infusion of these structures with phenols and other
metabolites (Mace et al., 1981).

Although there are some reports about the differences
in the histopathology of stem tissues from resistant and
susceptible bean cultivars infected by Fop, detailed studies
that approach the infectious process in plant tissues are
scarce, especially comparing the reactions of resistant,
intermediate and susceptible cultivars. Therefore, the
purpose of the present study was to understand the infection
process of Fop in resistant, intermediate and susceptible
bean plants.

The Fop isolate was collected in Coimbra (Minas
Gerais, Brazil) from bean plants (cv. Meia Noite), which
exhibited typical symptoms of the Fusarium wilt, according
to the procedures described by Dhingra & Sinclair (1995).
After obtaining pure cultures, a monosporic isolate (FOP-
UFV-01) was produced according to Fernandes (1993) and
used to inoculate the plants.

An experiment was carried out in greenhouse
to confirm the reaction of the bean cultivars Manteigao
Fosco 11 (resistant), VP8 (intermediate) and Meia Noite
(susceptible) to the infection by Fop. The experiment was
installed in a completely randomized design with three
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repetitions. The plot was represented by one pot with three
plants. A pot with three plants was used as control; in this
case, distilled water was used instead of a suspension of
conidia for the inoculation.

For the inoculum production, mycelium discs (0.4 cm
diameter) from a growing colony of Fop were placed in Petri
dishes containing potato-dextrose-agar (PDA), which were
incubated at 24°C during 10 days under continuous light.
The following inoculation methodology was used: seeds of
each cultivar were disinfected in a solution of hypochlorite
2% during 1 min, pre-germinated in germtest paper at 25°C
and humidity of 100% for 24 h. After that, the seedlings were
transplanted to trays containing substrate (Tropstrato HT®,
Vida Verde), which were kept in greenhouse. Ten days after
the sowing, the plants were carefully taken from the trays
and their roots were washed in tap water. Approximately
1/3 of the roots were cut with scissors and discarded; the
remaining roots were immersed in a suspension of macro
and microconidia of Fop (1x10° conidia mL™") during 5 min.
After this period, the plants were transplanted to plastic pots
containing 2.5 L of the substrate and kept in greenhouse.
At 10 days after the inoculation (dai), 1.0 g of N-P,0.-K,O
(8:28:16) was added to the pots.

The severity of Fusarium wilt was evaluated at 21
dai (Pereira et al., 2008), according to the scale of nine
levels proposed by Pastor-Corrales & Abawi (1987), in
which: 1 - no visible symptoms; 3 - one to three leaves,
representing no more than 10% of the total foliage, are
wilted and chlorotic; 5 - approximately 25% of leaves and
branches exhibit wilting and chlorosis; 7 - approximately
50% of leaves and branches exhibit wilting and chlorosis;
9 - approximately 75% or more of the leaves and branches
exhibit wilting, chlorosis and defoliation, eventually with
plant death.

A second experiment was carried out to study the
infection process of Fop in plants of the bean cultivars
Manteigdo Fosco 11, VP8 and Meia Noite. Plants of
these cultivars were inoculated and kept in greenhouse
as previously described. At 10 dai, two plants from each
cultivar were collected in interval of three days. The roots
were discarded and the stems were washed in tap water.
Then, the stems were segmented in pieces of 1.0 cm, with
the purpose of monitoring the colonization of the stem
tissues by Fop and selecting the segments that presented
the transition between healthy and diseased tissue. From
one plant, small fragments of approximately 0.5 cm length
from the stem segments were removed, disinfected and
placed in Petri dishes containing PDA. The segments of a
second plant were identified and preserved in microtubes
containing 2.0 mL of alcohol 70% and stored at 4°C.
The fragments from each stem segment were transferred
to flasks containing glutaraldehyde at 2.5% in sodium
cacodylate buffer 0.1 M (pH 7.2) and stored at 4°C. After
one week, the fragments were washed four times with buffer
of sodium cacodylate during 10 min and post-fixated with
osmium tetroxide at 1% also in sodium cacodylate buffer
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0.1 M (pH 7.2) for two hours at room temperature (Curvelo
et al., 2010). After that, the samples were dehydrated
in alcoholic series of 30, 50, 70, 80, 95 and 100% with
intervals of 10 min between the exchanges, performing
three passages in the last concentration in the same interval
of time. After dehydration, the fragments were submitted
to drying at critical point using the “critical point dryer”
model CPD 020 (Bal-Tec, Balzers) and set over aluminum
metallic supports covered with double-faced scotch
tape (Curvelo et al., 2010). Then, all the fragments were
covered with colloidal gold by metallization in the device
“sputter coater” linked to a “freezing drying unit” model
FDUO10 (Bal-Tec, Balzers). The fragments were examined
in the electronic scanning microscope, model Leo 1430
VP (Carl Zeiss), operating at 10 kV, in order to obtain the
electromicrographies. Fragments of stem tissues from non-
inoculated plants of the three cultivars were also examined
for comparisons purposes.

In the first experiment, the mean severity levels of
Fusarium wilt were 1.1 for Manteigdo Fosco 11, 6.0 for
VP8 and 8.9 for Meia Noite. These results confirm that
the cultivars Manteigdo Fosco 11, VP8 and Meia Noite are
respectively resistant, intermediate and susceptible to Fop.
The yellowing and wilt of plants of Meia Noite were first
observed at 15 dai. Other observed symptoms were stunting,
vascular discoloration and necrosis of the stem tissues. At
21 dai, most of the Meia Noite plants were completely dry
and dead. Vascular discoloration of stem tissues indicating
the colonization by Fop was observed in plants of VP8 at
21 dai, but not in plants of Manteigdo Fosco 11. Plants of
both cultivars became somewhat chlorotic and suffered less
reduction in growth compared to the non-inoculated plants.
The symptoms were more intense in plants of VP8 than in
those of Manteigdo Fosco 11.

In the second experiment, the reaction of Manteigdo
Fosco 11, VP8 and Meia Noite to the inoculation with
Fop was similar to the observed in the first experiment,
although disease development was slower. The yellowing
and wilt symptoms of plants of Meia Noite were first
observed at 25 dai. Only at 46 dai, most of the plants of
this susceptible cultivar were dead. These variations in the
disease development between experiments might be caused
by differences in temperature. In the first experiment, the
maximum temperature was 30.4°C and the minimum was
18.9°C while in the second experiment they were 24.3°C
and 10.2°C, respectively. The temperatures during the first
experiment were more favorable to the infection by Fop and,
consequently, to symptoms development than in the second
experiment. The optimum temperature for the development
of Fop is 28°C, but the most severe symptoms of Fusarium
wilt may occur at 20°C (Ribeiro & Hagedorn, 1979).

Scanning electron micrographs of stem tissues of
non-inoculated and inoculated plants of Manteigdo Fosco
11 (Figures 1A-E), VP8 (Figures 2A-D) and Meia Noite
(Figures 3A-D) were obtained. Fop was re-isolated from
the inoculated plants, even from the resistant cultivar
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FIGURE 1 - Scanning electron micrographs of stem tissues of plants of the bean cultivar Manteigdo Fosco 11 non-
inoculated and inoculated with Fusarium oxysporum f. sp. phaseoli (Fop). A. Transversal cut of stem from non-inoculated
plant; B. Transversal section of stem at 43 days after inoculation with Fop; C. Xylem vessel with occluding material; D.
Detail of the xylem vessel with occluding material; E. Longitudinal section of stem containing hyphae of Fop in xylem
vessels. M = medulla, Xy = xylem, h = hyphae of Fop and OM = occluding material. Bars: A =200 pum, B and C =20
um, and D =30 um.

Manteigdo Fosco 11, in which Fop structures were observed
in the xylem vessels (Figure 1E), although the plants did not
present any wilt symptom. In studies involving selection of
bean cultivars resistant to Fusarium wilt, Dongo & Miiller
(1969) and Ribeiro & Ferraz (1984) also re-isolated Fop
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from stem tissues of plants of genotypes without external
disease symptoms.

An occluding material was observed in the xylem
vessels of inoculated plants of Manteigdo Fosco 11 (Figures
1C-D) and VP8 (Figure 2C), but not in the xylem vessels of
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FIGURE 2 - Scanning electron micrographs of stem tissues of plants of the bean cultivar VP8 non-inoculated and
inoculated with Fusarium oxysporum f. sp. phaseoli (Fop). A. Transversal cut of stem from non-inoculated plant; B.
Transversal section of the stem at 43 days after inoculation with Fop; C. Xylem vessel containing both occluding material
and hyphae of Fop; D. Longitudinal section of the stem with massive quantity of hyphae. M = medulla; Xy = xylem; h and
arrows = hyphae of Fop and OM = occluding material. Bars: A= 100 pm, B =10 pum and C =20 pm.

the susceptible cultivar Meia Noite (Figure 3). The occluding
material was not observed in the xylem vessels of the non-
inoculated plants. The absence of occluding material in non-
inoculated plants of Manteigdo Fosco 11 and VP8 suggests
that this material is produced in response to the infection
by Fop in cultivars with some level of resistance. Taking
into consideration the basal resistance of Manteigdo Fosco
11 and VPS8 to the infection by Fop, it is suggested that the
occluding material may be involved in the resistance of
these cultivars against infection by Fop. Mace et al. (1981)
suggested that the colonization of the pathogen is restricted
in the xylem vessels of resistant cultivars. In other crops
than beans, chemical and structural alterations in host tissue
have been reported for resistant plants, including formation
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of gel plugs (Bishop & Copper, 1984), tyloses (Bishop &
Copper, 1984; Van der Molen et al., 1987) and the presence
of substances in the xylem vessels (Shi et al., 1992; Hall
et al.,, 2011). However, the occluding material that was
observed seems to be not related to any of the substances
reported by those authors.

The presence of Fop hyphae in the xylem vessels
was more pronounced in the stem tissues of VP8 than in
Manteigdo Fosco 11 plants (Figures 1E, 2D). In the stem
tissues of Meia Noite, several xylem vessels were completely
fulfilled with Fop hyphae and the xylem cell walls were
degraded (Figures 3B-D). A great amount of hyphae of Fop
was also observed in the xylem vessel (Figure 3D). Bishop
& Copper (1983) also reported that the degradation of the
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FIGURE 3 - Scanning electron micrographs of stem tissues of plants of the bean cultivar Meia Noite non-inoculated and
inoculated with Fusarium oxysporum f. sp. phaseoli (Fop). A. Transversal cut of stem from non-inoculated plant; B. Transversal
section of the stem at 43 days after inoculation with Fop; C. Xylem vessel fulfilled with Fop hyphae; D. Longitudinal section of
the stem with massive quantity of hyphae and destruction of the cell wall. M = medulla; Xy = xylem, and h and arrows = hyphae

of Fop. Bars: A=100 pm, B =30 pm and C =20 pm.

xylem cell walls after frequent penetration of hyphae
favored the infection of susceptible tomato cultivars by
F. oxysporum f. sp. lycopersici and of susceptible pea
cultivars by F. oxysporum f. sp. pisi.

In the stem tissues samples of the resistant cultivar
Manteigdo Fosco 11 (Figure 1), the xylem was somewhat
more compact and the amount ofFop hyphae colonizing
the xylem vessels was clearly lower in comparison to
the other cultivars (Figures 2 and 3). Other studies have
also suggested that the host resistance to the infection
by pathogens that colonize the xylem may be linked
to the thickening of the cell walls. Hall et al. (2011)
compared cotton cultivars moderately resistant and
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susceptible to F. oxysporum f. sp. vasinfectum and found
a more pronounced thickening of the xylem cell walls
of the moderately resistant plants. Based on the results
obtained on the present study, a plausible hypothesis for
the resistance of cultivar Manteigdo Fosco 11 to infection
by Fop is that the xylem cell walls seemed to be ticker in
comparison to the other cultivars.
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