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A disease of Pinus pinasrer and P. radiara associated with root infection by Verricicladiel/a alacris
was common at roadsides, and wounding appeared to be necessary for infection. All infected trees
were colonized by the European bark beetle, Orrhoromieus
erosus, and V. alacris was isolated from
Hylasres spp. in diseased roots.

Verticicladiella wagenerii Kendrick, V.
procera Kendrick, and other Vert icicladiella spp. are known root pathogens
in other parts of the world (6,IS,17, 18).
Infected trees are attractive to bark
beetles (Coleoptera: Scolytidae) (1,9,
11-13), which have been recorded as
possible vectors of V. wagenerii (S).
During a preliminary survey of diseases
of exotic forest trees in South Africa,
Verticicladiella
alaeris Wingfield &
Marasas (19) was found associated with
the roots of diseased Pinus pinasler Ail.
and P. radiata D. Don. This paper
describes the disease and its association
with bark beetles.
MATERIALS AND METHODS
Diseased P. pinaster and P. radiata
trees were examined in 13 centers in the
following areas of the Western Cape
Province: Cape Peninsula (Tokai State
Forest), Franschhoek (La Motte State
Forest), and Grabouw (Grabouw and
Lebanon State Forests).
Root systems were excavated and
sampled. A sledge microtome was used to
section infected roots, and isolations were
made on half-strength malt extract agar
(r-.f EA)( 10g of Difco Malt extract and IS
g of Difco Bacto Agar per liter). Cultures
were routinely maintained at 24 C.
One lateral root on each of 10 10-yr-old
P. pinaster trees was inoculated by
removing a 9-mm cambial disk with a
cork borer and replacing it with a disk
from a 2-wk-old culture of V. alaeris on
MEA. Inoculation points were covered
with moist paper towels and plastic film,
and the soil was replaced. Two-monthold P. pinaster and P. radiata seedlings
(20 of each species) were inoculated by
tying to their taproots, 20.0 X 3.0 mm
wooden dowels, boiled in potato dextrose
broth (200 g of potatoes and IS g of
dextrose per liter). and were colonized for
2 mo by V. alaeris. Seedlings were
repotted and kept in a glasshouse
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maintained between IS and 2S C. Equal
numbers of control inoculations were
made.
Naturally infected trees in all areas
were examined for bark beetles. Beetles
found in the roots and root crowns of
trees in an infection center in the
Grabouw State Forest were surface
sterilized
in a commercial
sodium
hypochlorite
solution (1% available
chlorine) with Tween 80 added, rinsed in
sterile distilled water. and squashed onto
MEA containing 4% vancomycin.

RESULTS
Symptoms. Infection centers in 10- to
IS-yr-old plantings of P. pinaster and P.
radiata ranged from a few trees to 2 ha in
size. Many occurred at roadsides (Fig. I).
Trees showed reduced terminal growth
and wilting, with chlorosis and death of
the needles, which were retained after
death. According to foresters in the area.
trees took 2-3 yr to die, and during this
period an abnormal number of cones was
produced (Fig. I). Infected roots and root
crowns showed heavy impregnation of
resin and dark blue discoloration with
staining in areas parallel to the annual
rings (Fig. 2). Staining was never seen
above the root crown area. Symptoms on
both Pinus spp. were similar, except that
P. radiata roots stained darker and
exuded more resin. Microtome sections
through infected wood showed dark
hyphae of V. alacris in the tracheids.
Natural regeneration
(P. pin aster)
replaced dead trees in infection centers,
but many of the young trees were also
diseased. In these trees healthy roots in
contact with diseased roots developed
lesions at the point of contact, and resin
exuded from the bark of the roots (Fig.
3), which also stained dark blue (Fig. 4).
Inoculation tests. All roots inoculated
after wounding exuded resin, and dark
lesions similar to those observed in
naturally infected trees developed in the
sapwood. Six months after inoculation.
lesions had extended an average of 10.0
cm on either side of the inoculation
points. The pathogen was reisolated from

all lesions. Control inoculations with
uninoculated MEA disks showed no
disease symptoms. Seedlings inoculated
with dowels were unaffected 8 mo after
inoculation.
Association with' bark beetles. The
aboveground parts of all trees infected
with V. alacris were colonized by the
European bark beetle Orthotomicus
erosus (Wol1.). O. erosus and Hylurgus
ligniperdus (F.) were present in some of
the root crowns, and Hylastes angustatus
Herbst. and H. linearis Erichson were in
the roots wel1 below soil level. Isolations
from a mixed sample of the two Hylastes
spp. yielded cultures of V. alacris, but the
pathogen was not isolated from other
bark beetle species.
DISCUSSION
Symptoms associated with V. alacris
were general1y similar to those of other
Verticicladiella
diseases (6,15,17,18).
However, trees infected with V. wagenerii
(the best documented
Verticicladiella
root pathogen) usually lose their needles
before dying (4), whereas those infected
with V. alaeris retain their needles; and
stained sapwood was never found above
the root crown area in trees infected with
V. alaeris, whereas trees infected with V.
wagenerii show extensive discoloration
of aboveground parts (4).
V. wagenerii has a low optimum
growth temperature in a narrow growth
temperature
range, and infection is
limited by high soil temperatures (16,18).
V. alacris has a rapid growth rate over a
wide temperature
range, with an
optimum at 2S C (19). The pathogen is
favored by the Mediterranean climate of
the Western Cape with its cool, wet
winters and hot, dry summers.
V. wagenerii infects unwounded roots
(2,8), but V. alaen's and Vert(cicladiella
sp. on P. strobus L. in New Zealand (IS)
appear incapable of colonizing uninjured
roots. The V. alacris infection centers at
roadsides suggests that these trees were
stressed by disturbance of the soil or
damage to the roots (7). Stressed trees (7)
and trees with other Verticicladiella root
diseases (S,9,11) attract bark beetles that
carry Verticicladiella spp. (3,S,IO,14).
Futher studies are necessary
to
establish the relationship between V.
alaeris and bark beetles (particularly
Hylastes spp.) as possible vectors of this
root pathogen and to establish the role of
bark beetles such as O. erostls, which
attack aboveground parts of the trees, in
the total disease syndrome.
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Figs. 1-4. Pinus pinaster and P. radia/a infected \\ ith I.enicic!adiella
a/acri.\: (1) Infection center at a roadside
P. radia/a planting showing
production
of cones on diseased trees. (2) Staining pattern of wood in the root crown area of an infected P. pinos/a
tree. (3) Resin exudation
bark of an infected root of a P. pinas/er sapling. (4) Stained root of an infected P. pinas/er sapling.
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and Radopholus similis on banana. Plant Disease 64;571-573.
Radopholus
simi/is and Meloidogyne
incognira were detected in seven banana cultivars, but their
population
densities differed considerably.
Roots of cultivars Giant Cavendish.
Cardaba,
and
Bungulan contained
higher populations
of R. similis than of M. incognira; the reverse was true in
Dwarf Cavendish.
Lacatan. and Latundan.
Population
densities of both nematode species were
low in Saba cultivar. The population
of R. simi/is progressively
increased and that of M. incognira
declined with age of Giant Cavendish plantations.
This relationship
was also observed in plants that
had "tip-over" disease and severe root necrosis because of infestation
by R. simi/is. Necrotic roots
apparently
were not suitable for M. incognira. Nematodes
were present in all soil textures. but both
species reproduced
better in sandy loam than in soil of finer texture. Population
development
was
most successful at soil pH 5.0-5.6.

Banana (Atusa paradisiaca L.) is a
leading export crop of the Philippines,
grown on more than 300,000 ha. The
largest banana-producing regions are in
the southern and northern Mindanao (6).
In a nationwide survey in 1974 and 1975,
we found a number of plant-parasitic
nematodes associated with different
cultivars. The most common species were
Meloidogyne incognita Chitwood and
Radophollls
similis (Cobb) Thorne,
which cause serious damage on banana
(1.4). The distribution and population
densities
of these species varied
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considerably in different localities_
This study was done to determine the
influence of cultivar, age of plantation,
soil texture,
and pH on the field
distribution and population densities of
R. similis and M. incognita.
MATERIALS AND METHODS
Samples of banana roots and of soil
were collected from farms mainly in the
provinces of Davao del Norte and Davao
del Sur in Mindanao where more than
25,000 ha of Giant Cavendish banana are
commercially
grown. Approximately
400-cc soil and 4-g (wet weight) root
samples per plant hill were randomly
collected. All root samples were cut into
pieces (1-2 em long). fixed in FAA for at
least 48 hr. and stained for 3-4 min in
boiling acid-fuchsin lactophenol.
Stained roots were kept in clear

lactophenol in vials. Later the roots were
dissected under a stereo microscope and
the nematodes
were identified
and
counted.
The soil and root samples were
collected from the same sites. At each site
about 600 cc elf soil was obtained
approximately 40 cm from the base of the
plant at a depth of 15-30 cm. Each soil
sample was placed in an individual plastic
bag and taken to the nematology
laboratory. A 200 cc subsample was sent
to the Department of Soil Science for soil
identification and pH determination. The
results of assays for nematodes other than
R. similis and M. incognita were published
elsewhere (3).

RESULTS
Cultivar. The field distribution and
population densities of At. incognita and
R. simi/is varied among cultivars (Fig. I).
The population density of M. incognita
was greatest in roots of Dwarf Cavendish,
Lacatan, and Latudan; the density of R.
simi/is was greatest in roots of Giant
Cavendish,
Bungulan, and Cardaba.
Both species were least numerous in
Saba.
Age of plantation.
The Giant
Cavendish plantations in Davao del
Norte were from 2 mo to 4 yr old. In
plantations
less than I yr old. the
population densities of M. incognita and
R. simiJis were relatively low and more or
less similar (Fig. 2). During the second
year. populations increased significantly
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