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ABSTRACT

BASSI, A, Jr., E. L. MOORE, and W. E. BATSON, Jr. 1979. Histopathology of resistant and susceptible tomato fruit infected with Rhizoctonia solani.

Phytopathology 69: 556-559.

Histopathological and anatomical differences were detected in the carpel
walls of tomato fruit of Pl 193407, a plant introduction reported to be
resistant to soil rot caused by Rhizoctonia solani, and Campbell-28 (C-28),
a susceptible cultivar. Cells of the epidermal layer, subepidermal layer, and
underlying parenchyma were larger and more consistent in size and shape in
C-28 than in PI 193407. R. solani penetrated C-28 fruit by means of
numerous infection pegs emanating from infection cushions, whereas in PI
193407 penetration was by individual hyphae. The establishment of R.
solani in both hosts involved inter- and intracellular growth and the subse-

quent destruction of epidermal and subepidermal layers of cells. However,
advancement of the pathogen in all tissues was slower in the resistant than
in the susceptible host. Infected resistant parenchyma tissues stained more
intensely with safranin O than did those of the susceptible host. This sug-
gested that a chemical substance(s) may be responsible for “walling-off™
the organism or slowing lesion development in the resistant host. In addi-
tion, the cell walls in PI 193407 dissolved in advance of hyphae of the
pathogen, which resulted in microcavities in the carpel wall.

Tomato (Lycopersicon esculentum Mill.) fruit rots caused by
soilborne organisms are so prevalent in the southern USA that no
stable production of nonstaked processing tomatoes has been possi-
ble on a commercial scale. Rhizoctonia solani Kuhn is the single
most important cause of this problem (3,10). Conventional spray
programs have not provided economic control. Resistant cultivars
are a possible solution to the problem.

Differences in susceptibility to R. solani have been noted among
tomato cultivars and plant introductions. Barksdale (2) suggested
that resistance in tomato to R. solani was controlled by several
genes. Johnson (9) used F,, BC,, and F, fruit from crosses between
susceptible and resistant tomatoes and determined that PI 193407
was partially resistant and that resistance was expressed as a delay
in infection and slow lesion development. He also showed that
resistance was heritable through the F, generation and was con-
trolled by a few genes, or possibly one gene with modifiers. The
mechanism(s) responsible for this resistance have not been
determined.

In the present study to determine the mechanism(s) controlling
resistance in tomato fruit to R. solani, the host-parasite relation-
ship was examined histologically in a susceptible cultivar and a
resistant plant introduction line.

MATERIALS AND METHODS

Fruits of Campbell-28 (C-28), a tomato cultivar susceptible to
soil rot caused by R. solani, and PI 193407, a plant introduction
with partial resistance, were inoculated with R. solani (isolate R-
23) and compared histologically. Inoculum was prepared by blend-
ing a 7-day-old potato-dextrose agar culture of R-23 with 50 ml of
water in a Waring Blendor. Twenty-five milliliters of this suspen-
sion was placed on 300 cm® of a perlite/cornmeal/Czapek’s
medium (10:1:2) in a 75 X 100-mm storage dish and incubated at
25 C for 14 days. One and one-half grams of this inoculum were
incorporated near the surface of steam sterilized Marietta clay
loam soil in standard greenhouse flats (33 X 45 cm) and placed in
temperature control chambers. The chambers were programmed
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for 8-hr each at 21 C and 32 C separated by a 4-hr transition period
within each 24-hr period (9). The soil was kept wet and the relative
humidity high by frequent waterings.

Seeds of the two lines were planted directly in the field during
June 1975. C-28 was obtained from a commercial source and Pl
193407 was furnished by the North Central Plant Introduction
Center, Ames, lowa. Mature green tomato fruit were randomly
selected from the field, surface sterilized with 0.5% sodium hypo-
chlorite, and placed on the artificially-infested soil. The length of
the incubation period varied for the two cultivars. Due to slower
lesion development on P1 193407 (9), selection of specimens for the
sectioning process was conducted over a period of several days.

Carpel-wall samples (1.5 X 0.5 cm) of diseased and healthy fruit
were placed in a killing-fixing solution (formalin/acetic
acid/alcohol) and aspirated 10 min. The samples were embedded in
paraffin and 15-um-thick sections were cut along transverse and
longitudinal planes (8). Sections were stained with a safra-
nin/aniline blue/Delafield’s hematoxylin combination as described
by Popham et al (14). Morphological characteristics of the carpel
wall were compared relative to the degree of infection on C-28 and
Pl 193407. Photomicrographs were made from slides of mounted
sections of healthy fruit, fruit at varying times following exposure
to R. solani, and fruit with various stages of lesion development.

Samples of both cultivars were studied with a Hitachi HHS-2R
scanning electron microscope to determine modes of penetration.
Epidermal tissue, 8 mm in diameter, was fixed in 4%
glutaraldehyde in Millonig’s phosphate buffer at room tempera-
ture, pH 7.2, for | hr. The tissue was dehydrated in an ascending
series of concentrations to absolute ethanol, then passed through an
ethanol-amyl acetate series (30, 50, 70, 90, 100, 100%: 30 min
each) and dried by the critical point method (1). The dried tissue
was mounted on stubs and coated with gold palladium over carbon
in a vacuum evaporator.

RESULTS

Epidermal cells of C-28 fruit were larger and more uniform in
size and shape than those of PI 193407 and subepidermal cells of
the latter were smaller and more densely packed than those of C-
28. Cells of underlying parenchymatous tissue of C-28 were larger
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Fig. 1-6. Infection of tomato fruit by Rhizoctonia solani. 1) Infection cushion (ic) of R. solani on surface of C-28 (susceptible cultivar) fruit (X85). 2)
Hyphae of R. Solani on surface of PI 193407 (resistant cultivar) fruit (X875). 3) Hypha (h) of R. solani on fruit surface of PI 193407 showing possible site
(ps) of penetration (X8500). 4) Infection pegs (p) of R. solani penetrating cuticle (c) of C-28 (X1000). 5) An individual hypha of R. solani (arrow)
penetrating cuticle and epidermal cell of PI 193407 (X500). 6) Transverse section of Pl 193407 fruit through soil rot lesion revealing a greater
concentration of safranin O (s) in infected tissue and R. solani hyphae occluded by the host (X100).
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Fig. 7-8. Soil rot lesions caused by Rhizoctonia solani in tomato fruits. 7) Transverse section of cultivar C-28 fruit through a soil rot lesion showing infection
cushion (ic), infection pegs, and development of hyphae in underlying cells (X100). 8) Longitudinal section through an advanced soil rot lesion of a PI
193407 fruit showing penetration by several hyphae and eventual destruction of host tissue (X300).

than those of PI 193407. The carpel wall of PI 193407 was much
thinner than that of C-28.

Lesions on C-28 fruit were 2-5 mm in diameter within 24-48 hrs
after exposure to R. solani and progressively enlarged with time;
those on PI 193407 fruit reached 2 mm in diameter only after
exposure to R. solani for 48-72 hr and usually enlarged slightly or
not at all. Therefore, it was necessary to incubate material of Pl
193407 longer to obtain lesions comparable in size to those on C-28.
In some cases, lesions did not advance beyond a *“fleck reaction™ on
the resistant host.

Scanning clectron microscopy revealed extensive mycelial
growth and probable infection cushion formation (Fig. 1) on the
surface of samples taken from C-28 fruit which had been in contact
with infested soil for 24-48 hr. Hyphal development on the surface
of PI 193407 fruit (Fig. 2) was sparse compared to that on C-28,
and extensive searching revealed only one probable penetration site
at the end of a hypha (Fig. 3). Light microscopy revealed that
penetration in C-28 was by multiple infection pegs (Fig. 4) which
formed under infection cushions, whereas penetration in P1 193407
was by individual hyphae (Fig. 5).

Subsequent fungal growth into the epidermal and subepidermal
layers occurred intercellularly in both hosts and was accompanied
by an accumulation of safranin O stain. The greater stain concen-
tration was especially apparent outside the cell walls and the sub-
stance with affinity for safranin O stain appeared to arise from the
subepidermal region near the outer wall of the underlying
parenchymal cells (Fig. 6). A greater concentration of stain accu-
mulated in the resistant host and this heavily stained material
appeared to wall-off or restrict growth of R. solani (Fig. 6). No
successful walling-off was observed in C-28 and inter- and intracel-
lular mycelial development was extensive (Fig. 7).

Although R. solani was walled-off temporarily in P1 193407,
eventual destruction of some fruit was caused by hyphae growing
intercellularly and intracellularly through the fruit tissue (Fig. 8).

Dissolution of host tissue occurred in advance of penetrating
hyphae in both hosts. However, less cell wall dissolution occurred in
the susceptible host. A cavity often developed between the fungus
and the apparently uninvaded area wherever infection advanced
beyond the subepidermal layer in the resistant host.

DISCUSSION

The resistance of Pl 193407 was characterized by a delay in
infection and slow lesion growth and is in agreement with the
results of Johnson (9). Histological examination of carpel wall

558 PHYTOPATHOLOGY

segments revealed that susceptible and resistant fruit differed in the
size and configuration of epidermal and subepidermal cells. The
densely packed epidermal cells of the resistant fruit may be a
barrier that makes penetration relatively more difficult. A thick-
ened cuticle, although not consistently apparent in this study, has
been suggested as a possible barrier in other host-parasite associa-
tions (11,12,13).

The increased amount of mycelia on the surface of C-28 fruit
during the prepenetration phase scems to indicate a stimulation of
R. solani growth on the susceptible fruit. Whether this preference
was caused by surface or exudate phenomena was not determined
in this study.

Histological studies indicated a difference in the mode of pene-
tration of susceptible and resistant fruit. There is evidence that
infection of susceptible fruit by R. solani is associated with the
development of dome-shaped infection cushions or lobate appres-
soria prior to penetration of the host (4,6,7). The failure of R.
solani to form infection cushions on resistant fruit may be an
important factor in the resistance of P1 193407 to Rhizoctonia soil
rot. The absence of direct penetration by infection cushions and
infection pegs, although not fully understood, has been speculated
as a possible means of host resistance (5).

Although penetration of resistant fruit was achieved by individ-
ual hyphae, a walling-off occurred in the subepidermal region and
R. solani was slowed for a period or stopped entirely.

The resistance of Pl 193407 appears to be a composite of phe-
nomena active before and after penetration and at sites on the fruit
surface and within the tissue. More detailed studies are presently
underway to ascertain the effects of surface and exudate character-
istics on the resistance of PI 193407 to R. solani.
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